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55 Abstract

56 Context and Objectives

57 Non-communicable diseases and injuries (NCDIs) comprise a large share of mortality and morbidity in low-

58 income countries (LICs), many of which occur earlier in life and with greater severity than in higher income 

59 settings.  Our objective was to assess availability of essential equipment and medications required for a broad 

60 range of acute and chronic NCDI conditions. 

61 Design

62 Secondary analysis of existing cross-sectional survey data

63 Setting

64 We utilized data from Service Provision Assessment surveys in Bangladesh, the Democratic Republic of the 

65 Congo, Ethiopia, Haiti, Malawi, Nepal, Senegal, and Tanzania, focusing on public first-referral level 

66 hospitals in each country. 

67 Outcome measures

68 We defined sets of equipment and medications required for diagnosis and management of four acute and nine 

69 chronic NCDI conditions and determined availability of these items at the health facilities. 

70 Results

71 Overall, 797 hospitals were included. Medication and equipment availability was highest for acute epilepsy 

72 (country estimates ranging from 40 to 95%) and stage 1-2 hypertension (28-83%).  Availability was low for 

73 type 1 diabetes (1-70%), type 2 diabetes (3-57%), asthma (0-7%), and acute presentations of diabetes (0-

74 26%) and asthma (0-4%). Few hospitals had equipment or medications for heart failure (0-32%), rheumatic 

75 heart disease (0-23%), hypertensive emergencies (0-64%), or acute minor surgical conditions (0-5%). Data 

76 for chronic pain was limited to only two countries.  Availability of essential medications and equipment was 

77 lower than previous facility-reported service availability.  

78 Conclusions

79 Our findings demonstrate low availability of essential equipment and medications for diverse NCDIs at first-

80 referral level hospitals in eight LICs.  There is a need for decentralization and integration of NCDI services 

81 in existing care platforms and improved assessment and monitoring to fully achieve universal health coverage.
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82 Strengths and limitations of this study

83  To our knowledge, this is the first analysis with cross-country comparisons of readiness at first-

84 referral level hospitals for acute and chronic presentations of a broader range of non-communicable 

85 diseases and injuries in low-income countries using practical and well-defined clinical criteria.

86  Valid cross-country analysis was possible by comparing facilities at analogous levels of the health 

87 system and using Service Provision Assessment data, which is largely standardized across countries.

88  The Service Provision Assessment surveys lack longitudinal data, and our analysis does not include 

89 information about supply chains, limiting the nature of the description about the availability of 

90 medications and equipment.

91  While we analyzed data from eight countries representing a variety of low-income countries 

92 geographically, there are many more countries excluded from our analysis.

93

94

95

96

97

98

99

100

101

102

103
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104 Introduction

105 Non-communicable diseases (NCDs) and injuries (NCDIs) are major drivers of the disease burden in low-

106 income countries (LICs), accounting for 41% of mortality and morbidity in terms of disability-adjusted life 

107 years (DALYs) in 2017.[1] In many LICs, the risk factors, epidemiology, and disease conditions that 

108 comprise the burden of NCDIs differs from that seen in higher income countries.[2]  In these countries, 

109 harmful environments, infectious diseases, and poor access to timely and high-quality health services are 

110 important factors contributing to the burden of NCDs.[3,4]

111 Health-sector interventions to address this burden have been increasingly recognized as both cost-effective 

112 and equitable, particularly for severe NCDIs affecting individuals early in life.[2,5] In many LICs, 

113 availability of services to diagnose and manage NCDs is low and most often found primarily in urban higher-

114 level hospitals.[4] However, several NCDI interventions may be optimally delivered at first-referral level 

115 hospitals, which have been recognized as an essential component of the primary health care system.[5] These 

116 first-referral hospitals, called district hospitals in some health systems, provide an opportunity to decentralize 

117 care, as they are more accessible to patients than tertiary referral hospitals and more capable of providing 

118 advanced services than health centers.[6,7] Populations in rural areas, which tend to have higher rates of 

119 poverty in LICs,[8] often face challenges accessing health care at distant facilities.[9]  Although one study 

120 has shown low readiness of health facilities in five LICs to deliver general services for cardiovascular disease, 

121 diabetes, and chronic respiratory diseases,[4] there has been limited multi-country assessment of hospital 

122 capacity to deliver a broader range of priority NCDI interventions. Some facility surveys assessing readiness 

123 and quality of care for other types of care, such as for maternal health, have found lower quality in facilities 

124 located in areas with higher rates of poverty.[10]  

125 In this study, we evaluated the availability of equipment and medications for management and diagnosis of 

126 the acute and chronic presentations of a broad range of NCDIs at first-referral level hospitals in eight LICs: 

127 Bangladesh, the Democratic Republic of the Congo (DRC), Ethiopia, Haiti, Malawi, Nepal, Senegal, and 

128 Tanzania.  We selected specific NCDIs with potentially severe presentations early in life, including asthma, 

129 hypertensive emergencies, heart failure, rheumatic heart disease, type 1 and 2 diabetes, epilepsy, acute 
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130 surgical care, and chronic pain.  Given previous findings linking poverty and healthcare quality, we examined 

131 whether there were associations between subnational prevalence of extreme poverty and availability of 

132 equipment and medications.  To the best of our knowledge, the countries we included in this study are the 

133 only LICs with comparable, openly available, nationally representative data on NCDI service provision 

134 recently collected via a standardized survey. 

135 Methods

136 Study Setting and Data Sources

137 We utilized publicly available data from all Service Provision Assessment (SPA) surveys conducted in LICs 

138 through 2018. The SPA surveys are nationally-representative health facility assessments administered as part 

139 of the Demographic and Health Survey (DHS) program.[11] These surveys were designed to assess human 

140 resources, infrastructure, equipment and medications available for maternal and child health (MCH) and 

141 priority infectious diseases.[11] In 2012, the SPA questionnaires were updated to include indicators for some 

142 NCDIs, including infrastructure, human resources, medications, equipment, and guidelines. Survey collectors 

143 indicate medications and equipment as available if they directly observe these items on the day of the survey.

144 Since the initial inclusion of questions on NCDs, SPA surveys had been completed as of 2018 in eight LICs 

145 representing a broad range of geography, population size, economic productivity, health care expenditure, 

146 and health system capacity: Bangladesh (2014), the DRC (2017-18), Ethiopia (2014), Haiti (2013), Malawi 

147 (2013-14), Nepal (2015), Senegal (2016-17), and Tanzania (2014-15) (Appendix Table 1).[12] Bangladesh 

148 subsequently graduated to low-middle income status in 2015. The surveys in Haiti and Malawi were facility 

149 censuses, intended to capture all health facilities in the country. In Nepal, all public facilities were in the 

150 sampling frame and almost all public hospitals were surveyed. All hospitals in Ethiopia were included in the 

151 survey collection, along with a representative sample of private clinics and health centers. In Tanzania, all 

152 types of facilities were in the sampling frame, and 99% of hospitals were selected for the sample. In the DRC, 

153 the survey was done using a stratified random sample to obtain results by province and type of health facility. 

154 In Bangladesh, the surveys were conducted on a stratified random sample of facilities to obtain representative 

155 estimates by seven administrative divisions and by facility types (including a census of public district 

156 hospitals but a sample of public upazila health complexes). The combined 2016 and 2017 surveys in Senegal 

Page 7 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

6

157 essentially includes a census of hospitals. Full details on the data from each country can be found in online 

158 reports, along with survey instruments.[12] Data from these surveys were obtained from the DHS program 

159 (www.dhsprogram.com). 

160 We build on methods previously developed to assess the quality of primary health care using similar 

161 datasets.[13,14] The datasets were cleaned and standardized across the countries, categorizing facilities as 

162 hospitals, health centers and clinics, or other facilities such as dispensaries. Facility weights used in analysis 

163 accounted for survey design and nonresponse to ensure representativeness, as oversampling is often done for 

164 certain facility types in these surveys. Our assessment focused on public first-referral hospitals. We regarded 

165 first-referral level hospitals as the first point of care for patients requiring referral from a primary health 

166 center level, and the names for these facility types varied across countries. In Nepal, we classified public 

167 district hospitals as first-referral level hospitals. In Bangladesh, we classified upazila health complexes as 

168 first-referral level hospitals because they are described as hospitals with in-patient beds and surgical care, 

169 occupy a lower level than district hospitals in Bangladesh, and have population catchment areas similar to 

170 district hospitals in other countries (1 facility per 375,000 population, compared to a range across other 

171 countries of 1 facility per ~175,000-560,000). In Malawi and Tanzania, we combined public district hospitals 

172 with public rural/community hospitals (Malawi) and district designated hospitals (Tanzania) as first-referral 

173 level hospitals. In Haiti, we used the community referral hospital classification. In Senegal, we reported on 

174 all public hospitals because more specific categories were not available from the SPA data. In the DRC, we 

175 used public hospitals below the provincial/tertiary level, though we could not differentiate between additional 

176 categories from the available data. In Ethiopia, we used both primary hospitals and general hospitals given 

177 the relatively recent introduction of primary hospitals and similarities in service delivery standards. 

178 Additional details can be found in Appendix Table 1. The study protocol was reviewed and determined non-

179 human subject research by the Institutional Review Board of the Harvard Faculty of Medicine.

180 Data Analysis

181 We analyzed the availability of essential equipment and medications required for diagnosis and treatment of 

182 nine chronic disease states and four acute presentations of eleven NCDI conditions (Table 1).  We defined 

183 the minimum set of essential equipment and medications for the diagnosis and treatment of each condition 
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184 using existing guidelines and iterative expert review from a group of public health practitioners, researchers, 

185 and clinicians familiar with the local contexts. Acute conditions are those that require urgent procedures or 

186 hospitalization, whereas chronic conditions were those requiring longitudinal follow-up for ongoing 

187 monitoring and disease management. The availability of the full essential set of functioning equipment and 

188 unexpired medications was determined for each facility. We considered equipment available if it was present 

189 in general outpatient, NCD, or minor surgical areas. Medications were considered available if they were 

190 observed present and unexpired. In most cases, the data necessary to create these sets were available. In cases 

191 in which a survey question about one of the components of the equipment and medication set for a condition 

192 was not answered but the rest of the components were present at the facility, the facility received an 

193 “unknown” classification for that set. If any one of the components was unavailable, then the essential set 

194 was classified as unavailable.  Surveys in some countries did not contain questions about all of the relevant 

195 medications and equipment.  In these cases, as well as in countries with >10% missing data for a particular 

196 variable, the country was excluded from analysis (see Appendix Table 2 for list of missing variables). Missing 

197 variables and “unknown” classifications for a set of equipment and medications were rare, resulting most 

198 frequently from surveys in particular countries excluding certain pain medications or surgical equipment. A 

199 total of 21 out of 797 public first-referral hospitals (less than 3%), 20 of these in Bangladesh, did not provide 

200 NCD services according to the survey. If these particular facilities were missing data for particular 

201 medications or equipment, we assumed the medications or equipment were unavailable. The availability of 

202 the essential sets of equipment and medications and their component items were tabulated by geographic 

203 units (both by country and by subnational units within countries). We also compared the proportion of 

204 facilities that reported diagnosing and managing chronic respiratory diseases, cardiovascular diseases, and 

205 diabetes with the availability of essential equipment and medications for asthma, diabetes, hypertension, heart 

206 failure, and rheumatic heart disease at those same facilities. We reported 95% confidence intervals (CI) for 

207 estimates using standard survey tabulation methods for countries that surveyed a sample of public first-

208 referral hospitals (Bangladesh and the DRC) but not for countries where surveys were intended as a facility 

209 census.  The surveys from Bangladesh and the DRC sampled a relatively large proportion of the total number 

210 of hospitals, so we calculated the 95% CI incorporating a correction for finite population size.
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211 Table 1. Assigned essential equipment and medications for acute presentations of and chronic care for 
212 NCDI conditions at first-referral level hospitals 

Disease Area Essential Equipment and Medications
Acute Care Chronic Care

Asthma Pulse oximeter, peak flow meter, oxygen, 
x-ray, salbutamol inhaler, prednisolone, 
hydrocortisone injection, nebulizer

Stethoscope, salbutamol inhaler, beclomethasone 
inhaler, prednisolone

Hypertension (Stage 1 
or 2)

Blood pressure apparatus, stethoscope, at least two 
classes of anti-hypertensive medications (calcium 
channel blocker, ACE inhibitor, thiazide diuretic, 
or beta blocker)

Hypertension requiring 
3 anti-hypertensive 
classes

Essential equipment and medications for 
hypertension stage 1 or 2 (above), one additional 
class of anti-hypertensive medications 

Hypertension requiring 
4 anti-hypertensive 
classes

Essential equipment and medications for 
hypertension stage 1 or 2 (above), two additional 
class of anti-hypertensive medications

Heart Failure Adult weighing scale, stethoscope, blood pressure 
apparatus, ACE inhibitor, beta-blocker, 
furosemide, ultrasound*

Rheumatic Heart 
Disease 

Essential equipment and medications for heart 
failure (above), oral penicillin or benzathine 
penicillin injection, epinephrine injection

Diabetes Type 1 Serum glucose, insulin
Diabetes Type 2 

Blood pressure apparatus, serum blood 
glucose test, renal function testing, 
intravenous saline, infusion kit for IV fluids, 
insulin, glucose injection solution

Serum glucose, metformin or glibenclamide

Epilepsy Diazepam injectable Diazepam tablet or phenobarbitone or 
carbamazepine**

Injury / Surgical Care Needle holder, scalpel handle and blades, 
retractor, surgical scissors, nasogastric tube, 
tourniquet, oxygen, skin disinfectant, suture, 
ketamine, lidocaine (5%)

Pain Care Oral morphine, injectable morphine or injectable 
pethidine, one non-opioid analgesic (paracetamol, 
ibuprofen, aspirin, or diclofenac)

213 *We did not make a determination about whether the appropriate ultrasound probes were available for heart failure diagnostic purposes, 
214 only whether there was any functional ultrasound machine. **Epilepsy chronic care not included in results—availability of tablets not 
215 included on survey in most countries.

216

Page 10 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

9

217 To examine a potential association between the availability of NCDI medications and equipment with the 

218 prevalence of extreme poverty in sub-national regions, we used a modified version of the Multidimensional 

219 Poverty Index from the Oxford Poverty and Human Development Initiative (Appendix Tables 3 & 4).[8]  

220 We counted the number of the individual components across our disease-related sets of medications and 

221 equipment (Table 1) that were available at each facility, de-duplicating items in multiple sets. We assessed 

222 the association between the logit-transformed proportion of the total items available in a public first-referral 

223 level hospital and the prevalence of extreme poverty in the subnational unit (district or region) where the 

224 hospital was located using linear regression. We conducted regressions separately for each country to account 

225 for likely differences in governance and health systems.  We used different regression specifications to assess 

226 the association between the availability of equipment and medications and the prevalence of extreme poverty. 

227 In one model specification, we used the prevalence of extreme poverty as a continuous variable, assuming a 

228 linear association.  For possible nonlinear association, we additionally used model specifications categorizing 

229 extreme poverty prevalence into categorical groups by quartiles and by evenly spaced ranges of prevalence 

230 in each country.  We also examined the association between the density of public first-referral level hospitals 

231 and hospitals per population in subnational areas with the prevalence of extreme poverty using linear 

232 regressions, accounting for country differences.  Full details for these analyses are described in the appendix.

233 Data cleaning, formatting, and preparation were conducted using Stata/IC 15.1 (StataCorp, College Station, 

234 Texas), and tabulations and regressions were conducted using R version 3.5.1 (the R Foundation for 

235 Statistical Computing).

236 Results

237 Overall, of the 9,375 heath facilities across the eight countries which were surveyed, we identified 797 public 

238 first-referral level hospitals. Table 2 shows the availability of sets of equipment and medications for 

239 condition-specific acute care services, including surgery. The availability at these facilities of the complete 

240 set of essential equipment and medications needed for diagnosis and chronic care of specific conditions is 

241 shown in Table 3.

242
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243 Table 2. Availability of complete essential equipment and medications for acute presentations of 
244 NCDIs at public first-referral level hospitals in eight low-income countries

245
Percent of Facilities with Available Medications and Equipment, % (95% CI)

Bangladesh 
(n=140)

The Democratic 
Republic of the 
Congo† (n=283)

Ethiopia 
(n=117)

Haiti 
(n=25)

Malawi 
(n=43)

Nepal 
(n=76)

Senegal‡ 
(n=37)

Tanzania 
(n=76)

Acute Asthma 0 
(0,3)

1 
(1,2)

0 0 0 4 0 0 

Functional X-Ray Machine 24 
(17,31)

31
(29,33)

64 52 51 86 78 70

Hydrocortisone Injection 47 
(39,54)

82
(81,84)

68 52 26 78 67 80

Micronebulizer in NCD or 
General Outpatient Area

59 
(52,67)

6 
(5,7)

6 20 21 37 54 4

Oxygen Availability (cylinder or 
concentrator, plus distribution) in 
NCD or General Outpatient Area

54
(47,62)

10 
(9,11)

14 28 12 12 46 4 

Peak Flow Meter in NCD or 
General Outpatient Area

25 
(19,33)

3 
(2,4)

8 16 5 30 33 7 

Prednisolone 20 
(14,27)

50 
(47,53)

89 52 77 50 0 76

Pulse Oximeter in NCD or 
General Outpatient Area

29 
(22,36)

11 
(9,13)

14 8 21 30 52 11 

Salbutamol Inhaler 19 
(14,26)

38 
(35,41)

82 48 58 91 48 33

Acute Diabetes 0 
(0,3)

6 
(5,7)

5 4 26 0 0 17 

Blood Glucose Test Equipment 27 
(21,34)

77 
(75,79)

85 40 56 20 9 63

Blood Pressure Apparatus in 
NCD or General Outpatient Area

99 
(93,100)

98 
(98,99)

95 96 79 97 87 84 

Infusion Kit for IV Fluids in NCD 
or General Outpatient Area

57 
(49,64)

45 
(43,48)

34 32 81 38 8 70 

Injectable Glucose 11 
(7,18)

70 
(67,73)

24 40 98 92 91 62 

Injectable Saline Solution 72 
(64,78)

69 
(67,72)

96 52 91 95 82 92 

Insulin 1 
(0,4)

48 
(46,51)

79 12 58 12 51 89

Liver and Kidney Function 
Diagnostics (Creatinine, 
Electrolytes)

11 
(7,17)

24 
(22,26)

47 60 40 38 93 74

Acute Epilepsy 49 
(42,57)

81 
(78,82)

91 40 95 72 85 91

Diazepam Injection 49 
(42,57)

81 
(78,82)

91 40 95 72 85 91

Essential Surgical Medications 
and Equipment*

NA 2 
(2,3)

5 0 0 4 2 1 

Ketamine in Minor Surgical Area NA 76 
(74,78)

61 20 37 24 3 49

Lidocaine in Minor Surgical Area NA 80 
(77,83)

97 92 95 93 82 99

Nasogastric Tubes in Minor 
Surgical Area

NA 43 
(41,46)

66 40 14 41 23 30

Needle Holder in Minor Surgical 
Area

NA 98 
(97,98)

97 92 100 97 97 95

Oxygen Availability (cylinder or 
concentrator, plus distribution) in 
NCD or General Outpatient Area

54 
(47,62)

10 
(9,11)

14 28 12 12 46 4 

Retractor in Minor Surgical Area NA 85 
(84,86)

84 40 44 49 24 41

Scalpel in Minor Surgical Area NA 86 
(83,88)

92 40 74 86 73 78 

Skin Disinfectant in Minor 
Surgical Area

NA 97 
(96,97)

99 88 84 95 97 92
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Surgical Scissors in Minor 
Surgical Area

NA 99 
(99,99)

97 96 88 95 98 91

Sutures in Minor Surgical Area NA 85 
(83,87)

93 68 93 78 55 92

Tourniquet in Minor Surgical 
Area

NA 25 
(23,27)

54 68 26 67 94 34 

246 NA = No data available or >10% missing data
247 Numbers reported % (95% confidence interval). Uncertainty not reported for surveys that were intended to include complete census of 
248 facilities (all except Bangladesh and the Democratic Republic of the Congo). 
249 †Democratic Republic of the Congo estimates are reported for non-tertiary, non-provincial-level public hospitals
250 ‡Senegal data did not allow for separation of first-referral and higher level hospitals, results reported here for all public hospitals
251 *Most surgical equipment items are missing data in 5-10% of facilities in Haiti, Malawi, and Senegal. Percentages reported in this table 
252 exclude facilities with missing data for a given indicator. Overall percentage of surgical medications and equipment availability 
253 unaffected by these missing data, as oxygen unavailable in these missing cases, making overall surgical set unavailable.
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
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308 Table 3.  Availability of complete essential equipment and medications for chronic care of NCDI 
309 conditions at public first-referral level hospitals in eight low-income countries 

310
Percent of Facilities with Available Medications and Equipment, % (95% CI)

Bangladesh 
(n=140)

The Democratic 
Republic of the 
Congo† (n=283)

Ethiopia 
(n=117)

Haiti 
(n=25)

Malawi 
(n=43)

Nepal 
(n=76)

Senegal‡ 
(n=37)

Tanzania 
(n=76)

Asthma 0 
(0,3)

1 
(1,2)

7 4 5 5 0 0 

Beclomethasone Inhaler 5 
(2,10)

2 
(1,2)

8 8 5 9 3 0 

Prednisolone 20 
(14,27)

50 
(47,53)

89 52 77 50 0 76 

Salbutamol Inhaler 19 
(14,26)

38 
(35,41)

82 48 58 91 48 33 

Stethoscope in NCD or General 
Outpatient Area

100 
(98,100)

98 
(97,98)

99 96 95 99 83 96 

Hypertension (Stage 1 or 2) 31 
(24,39)

28 
(25,30)

83 76 44 45 38 70 

At Least Two of: Calcium 
Channel Blocker, ACE inhibitor, 
Thiazide, Atenolol

33 
(26,40)

28 
(26,30)

89 84 53 46 48 83 

Blood Pressure Apparatus in 
NCD or General Outpatient 
Area

99 
(93,100)

98 
(98,99)

95 96 79 97 87 84 

Stethoscope in NCD or General 
Outpatient Area

100 
(98,100)

98 
(97,98)

99 96 95 99 83 96 

Hypertension Requiring 3 Anti-
hypertensive Classes

6 
(3,12)

9 
(8,10)

64 56 26 12 2 51 

At Least Three of: Calcium 
Channel Blocker, ACE inhibitor, 
Thiazide, Atenolol

8 
(5,14)

9 
(8,10)

69 60 28 12 2 57 

Blood Pressure Apparatus in 
NCD or General Outpatient 
Area

99 
(93,100)

98 
(98,99)

95 96 79 97 87 84 

Stethoscope in NCD or General 
Outpatient Area

100 
(98,100)

98 
(97,98)

99 96 95 99 83 96 

Hypertension Requiring 4 Anti-
hypertensive Classes

2 
(1,7)

2 
(1,3)

34 20 12 0 0 9 

All of: Calcium Channel 
Blocker, ACE inhibitor, 
Thiazide, Atenolol

3 
(1,7)

2 
(1,3)

34 20 12 0 0 14 

Blood Pressure Apparatus in 
NCD or General Outpatient 
Area

99 
(93,100)

98 
(98,99)

95 96 79 97 87 84 

Stethoscope in NCD or General 
Outpatient Area

100 
(98,100)

98 
(97,98)

99 96 95 99 83 96

Heart Failure 1 
(0,5)

6 
(5,7)

26 8 12 0 5 32 

Adult Scale in NCD or General 
Outpatient Area

84 
(77,89)

97 
(96,97)

71 84 72 95 74 86 

Atenolol or other Beta-blocker 55 
(47,62)

10 
(9,11)

69 56 21 57 5 70 

Blood Pressure Apparatus in 
NCD or General Outpatient 
Area

99 
(93,100)

98 
(98,99)

95 96 79 97 87 84 

Captopril, Enalapril, or other 
ACE inhibitor

14 
(9,21)

38 
(35,40)

80 88 49 0 71 78 

Furosemide 22 
(16,29)

84 
(81,86)

92 64 63 93 86 78 

Stethoscope in NCD or General 
Outpatient Area

100 
(98,100)

98 
(97,98)

99 96 95 99 83 96 

Ultrasound Equipment 5 
(2,9)

62 
(59,64)

57 52 51 62 8 68 

Rheumatic Heart Disease 0 
(0,0)

2 
(2,3)

19 0 9 NA 0 23 
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Essential Heart Failure 
Medications and Equipment

1 
(0,5)

6 
(5,7)

26 8 12 0 5 32 

Benzathine Penicillin 14 
(9,21)

53 
(50,56)

87 36 100 NA 53 82 

Oral Penicillin* NA NA NA NA NA NA NA NA
Injectable Epinephrine 2 (1,5) 29 (27,32) 70 8 88 63 56 75 
Type 1 Diabetes 1 

(0,4)
38 
(36,41)

70 8 44 3 5 58 

Blood Glucose Test Equipment 27 
(21,34)

77 
(75,79)

85 40 56 20 9 63 

Insulin 1 
(0,4)

48 
(46,51)

79 12 58 12 51 89 

Type 2 Diabetes 9 
(5,14)

40 
(37,42)

75 32 42 14 3 57 

Blood Glucose Test Equipment 27 
(21,34)

77 
(75,79)

85 40 56 20 9 63 

Metformin or Glibenclamide 27 
(21,35)

49 
(46,51)

86 76 58 61 34 88 

Pain Care NA NA NA NA 58 NA NA 54 
Injectable Morphine or 
Pethidine

NA NA NA NA 58 NA NA 54

Oral Pain Medication 
(Paracetamol, Ibuprofen, 
Aspirin, or Diclofenac)

100 
(97,100)

100
(97,100)

100 100 100 99 NA 100

311
312 NA = No data available or >10% missing data
313 Numbers reported % (95% confidence interval). Uncertainty not reported for surveys that were intended to include complete census of 
314 facilities (all except Bangladesh and the Democratic Republic of the Congo). 
315 †Democratic Republic of the Congo estimates are reported for non-tertiary, non-provincial-level public hospitals
316 ‡Senegal data did not allow for separation of first-referral and higher level hospitals, results reported here for all public hospitals
317 * For oral penicillin, question not asked on most surveys (Tanzania, Senegal, Nepal, Haiti) and high missingness proportion in 
318 Bangladesh and Malawi. We therefore do not report proportions here. For creating rheumatic heart disease combined set, it did not affect 
319 results, as only 1 facility had missing data for oral penicillin when other necessary components available (heart failure set, epinephrine)
320
321
322

323

324

325

326

327

328

329

330
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331 Overall, medication and equipment availability was highest for acute management of epileptic seizures with 

332 diazepam (ranging between 40 and 95% in countries), followed by chronic care of stage 1 to 2 hypertension 

333 (ranging between 28 and 83%), although this declined with hypertension requiring more classes of 

334 medications (ranging between 0 and 34% for 4 classes of medications) (Figure 1). Medication and equipment 

335 availability was low both for type 2 diabetes (requiring only oral medications) as well as type 1 diabetes 

336 requiring insulin.  Availability was particularly low for management of acute presentations of diabetes such 

337 as diabetic ketoacidosis requiring intravenous fluids and monitoring of blood chemistries. Availability of 

338 essential equipment and medications for both acute and chronic presentations of asthma was extremely low 

339 in part due to the absence of beclomethasone inhalers at most facilities. Few hospitals had equipment or 

340 medications needed to diagnose and manage heart failure and rheumatic heart disease, which required 

341 ultrasound equipment. Essential surgical supplies were missing at most hospitals. Most countries had 

342 insufficient data to report on the availability of adequate medications to provide treatment of chronic pain.

343 Notably, there was much lower observed availability of essential medications or equipment for NCDIs than 

344 the self-reported availability of services for these conditions by the facility (Table 4).  For chronic respiratory 

345 diseases, across six countries (not collected in Bangladesh or Malawi), over 75% of public first-referral 

346 hospitals reported diagnosis and management services, though fewer than 7% had the essential medications 

347 and equipment available for chronic asthma care and fewer than 4% for care of acute asthma exacerbations. 

348 Similarly, at least 66% of public first-referral hospitals in each country reported availability diagnostic and 

349 management services for diabetes, with the exceptions of Bangladesh (43%) and Malawi, where diagnosis 

350 or management was reported in 84% of these hospitals. Compared to this reported service provision, 

351 availability of essential medications and equipment were lower for type 1 diabetes (1.3-70.1%), type 2 

352 diabetes (3.3-75.2%), and acute care for diabetic ketoacidosis (0-25.6%).  Between 48.8% and 94.3% of the 

353 hospitals reported availability of diagnostic and management services for cardiovascular diseases, though 

354 availability of essential medications and equipment were lower for hypertension (27.7-82.9%), heart failure 

355 (0-31.6%), and rheumatic heart disease (0-22.9%).

356

357
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358 Table 4. Observed equipment and medication availability for selected NCDIs compared to self-
359 reported service availability at public first-referral hospitals

Percent of Facilities with Available Medications and Equipment, % (95% CI)
Bangladesh 
(n=140)

The 
Democratic 
Republic of 
the Congo† 
(n=283)

Ethiopia 
(n=117)

Haiti 
(n=25)

Malawi‡ 
(n=43)

Nepal 
(n=76)

Senegal* 
(n=37)

Tanzania 
(n=76)

Self-reported 
Diagnosis and 
Management

Chronic Respiratory 
Disease

NA 87 
(85,89)

95 96 93‡ 96 92 75

Asthma 0 
(0,3)

1 
(1,2)

7 4 5 5 0 0 Observed 
Medication and 
Equipment 
Availability

Asthma Acute Care 0 
(0,3)

1 
(1,2)

0 0 0 4 0 0 

Self-reported 
Diagnosis and 
Management

Diabetes 43 
(36,51)

89 
(87,90)

83 92 84‡ 84 86 75 

Diabetes Type 1 1 
(0,5)

38 
(36,41)

70 8 44 3 5 58 

Diabetes Type 2 9 
(5,15)

40 
(37,42)

75 32 42 14 3 57 

Observed 
Medication and 
Equipment 
Availability

Diabetes Acute Care 0 
(0,3)

6
(5,7) 

5 4 26 0 0 17 

Self-reported 
Diagnosis and 
Management

Cardiovascular Disease 49 
(41,56)

94 
(93,95)

93 92 98‡ 91 92 73 

Hypertension Stage 1 or 2 31 
(24,39)

28 
(25,30)

83 76 44 45 38 70 

Heart failure 1 
(0,5)

6 
(5,7)

26 8 12 0 5 32 

Observed 
Medication and 
Equipment 
Availability

Rheumatic Heart Disease 0 
(0,3)

2 
(2,3)

19 0 9 NA 0 23 

360 NA = No data available
361 Numbers reported % (95% confidence interval). Uncertainty not reported for surveys that were intended to include complete census of 
362 facilities (all except Bangladesh and the Democratic Republic of the Congo). 
363 †Democratic Republic of the Congo estimates are reported for non-tertiary, non-provincial-level public hospitals
364 ‡Malawi only reported Diagnosis or management instead of Diagnosis and management for self-reported measures
365 *Senegal data did not allow for separation of first-referral and higher level hospitals, results reported here for all hospitals
366
367
368

369

370

371

372

373
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374 There was inconsistency in associations between availability of medications and equipment in public first-

375 referral hospitals and prevalence of extreme poverty in corresponding sub-national units, both across 

376 countries and between regression approaches (appendix Tables 5 and 6). For example, there was a negative 

377 association in Bangladesh and the DRC, while there was a positive association in Ethiopia and Haiti.  These 

378 findings also varied across model specifications.  The method for grouping hospitals based on prevalence of 

379 extreme poverty in sub-national areas affected the estimates of association.  Full regression results are shown 

380 in appendix Tables 5 and 6.  The density of public first-referral level hospitals per population did not vary by 

381 poverty prevalence, though there was evidence that the density of hospitals overall as lower in poorer sub-

382 national areas.

383 Discussion

384 Our findings demonstrate that availability of essential equipment and medications for acute and chronic 

385 services for NCDI conditions across LICs remains extremely low at public first-referral level hospitals.   

386 Furthermore, the availability of essential equipment and medications for NCDI services is much lower than 

387 facility-reported management and diagnosis of chronic respiratory diseases, diabetes, and cardiovascular 

388 diseases.  Although we found some evidence of associations, both positive and negative, between availability 

389 of essential equipment and medications at a public first-referral level hospital and the prevalence of extreme 

390 poverty in the corresponding sub-national area, results were inconsistent. 

391 Facilities included in this study were more equipped to provide services for the treatment of stage 1 and 2 

392 hypertension as compared to other more complex conditions.  Previous facility assessments have 

393 demonstrated similar levels of medication availability for HTN treatment in low-income countries,[15,16] 

394 and significantly lower availability as compared to high-income countries.[17]  The low availability of 

395 essential medications and equipment likely contributes to low overall coverage of services for hypertension.  

396 The Lancet Commission on Hypertension reported that for countries in sub-Saharan Africa (SSA) with 

397 household level surveys, over half of hypertensive adults had not been diagnosed, and treatment coverage 

398 was low, ranging from 7-61%.[18]  Effective coverage was even lower, ranging from 1-31%.[18]  
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399 Systematic reviews of heart failure in LICs have identified a high burden of non-ischemic heart failure and 

400 high utilization of diuretic therapy, though have not assessed systems readiness or medication 

401 availability.[19,20]  One study utilizing a health facility assessment of hospitals in Kenya and Uganda 

402 reported higher availability of beta-blockers (98% and 92%, respectively) and furosemide (98% and 94%, 

403 respectively), but similar availability of ultrasound equipment and ACE-inhibitors, as compared to that found 

404 in our study.[21]  The availability of ultrasound has remained a limiting factor for the diagnosis and 

405 monitoring of heart failure and has been a focus of health systems diagnostic improvements and training in 

406 LICs.[21]  Availability of equipment and medications was similarly low for outpatient management of RHD, 

407 a common cause of heart failure in LICs.  Availability of benzathine penicillin for primary and secondary 

408 RHD prophylaxis was highly limited across most countries.  Although no detailed health facility reports exist 

409 for the availability of benzathine penicillin at primary health facilities across LICs, there have been global 

410 concerns for the availability and quality of this essential medication.[22]

411 Our findings of availability of medications and equipment for diabetes services are consistent with previous 

412 reports of low availability of services and low coverage of diabetes services in low-income countries.  In a 

413 group of 12 countries in SSA, only 22% of eligible individuals had received blood glucose measurement.[23]  

414 Of those meeting biochemical criteria for diabetes, only 36% had previously received blood glucose 

415 measurement, 27% had been previously diagnosed, 25% were taking oral diabetes therapy, and 11% were 

416 taking insulin.[23]

417 The availability of medications or services for asthma and other chronic respiratory diseases has not been 

418 well studied in low-income settings.  Inhaled beta agonists, inhaled corticosteroids, and systemic 

419 corticosteroids have more recently been included on lists for essential medicines in low-income countries, 

420 and price fluctuations have created a wide range of affordability for these medications.[24]  

421 Care for chronic epilepsy has traditionally been lacking in resource-poor settings.[25]  Despite the availability 

422 of benzodiazepines for acute management of seizures at the inpatient level, the management of chronic 

423 epilepsy and seizure prophylaxis is highly lacking. The SPA survey collects information on a limited number 

424 of medications that are used for daily prophylaxis of seizures in epileptic disorders and most countries did 

425 not include this in their surveys (only Nepal collected data on carbamazepine and phenobarbital).  Others 
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426 have reported the lack of coverage data, and the highly vulnerable characteristics of patients with epilepsy 

427 contribute to poor access to care, utilization of available services, and poor overall coverage, resulting in high 

428 morbidity and mortality from epilepsy.[26]  The availability of second-line medications or intensive care for 

429 refractory seizures was not available.   

430 The extremely low readiness for surgical care of injuries and chronic NCDs is consistent with previous 

431 reports. Recent modeling estimates have suggested that coverage of adequate surgical services in SSA and 

432 South Asia is less than 5% with sporadic and variable availability of individual tracer items.[27]  The ability 

433 of surgical interventions to offer one-time curative treatment leads to the high cost-effectiveness and financial 

434 risk protection offered by surgical interventions in low-income health systems.[28]  Additionally, there is 

435 limited data collected in the SPA survey regarding the availability of palliative care services or essential 

436 medications, and the data collected was limited only to medications for pain, such as analgesics and opiates. 

437 The availability of injectable morphine was collected in only three of the eight countries and availability of 

438 oral morphine in only two of the eight countries. This is consistent with the dearth of development in 

439 palliative care policies and implementation in low-income countries, particularly in SSA and a dramatic gap 

440 in the availability of morphine and other essential medications for palliative care.[29,30]

441 Countries did vary in their level of availability of essential equipment and medications for the conditions 

442 analyzed.   Senegal displayed consistently lower rates of availability of equipment and medications than the 

443 other countries.  In contrast, Ethiopia and Tanzania displayed considerably higher rates than other countries 

444 across many conditions, including most notably for hypertension, diabetes care and heart failure.  In these 

445 two countries there was a relatively early recognition and coordinated approach to NCDs, including strategic 

446 and costed operational planning, strong civil society engagement and leadership, progressive outreach from 

447 well-established tertiary centers, and a strong and well-organized primary care network.[31,32]

448 This study has several limitations.  First, the essential equipment and medications for NCDI services defined 

449 here does not include presence of well-trained and supervised human resources, a cornerstone for healthcare 

450 delivery, and one that has been well-established to be lacking for NCDs in SSA.[33]  Second, certain 

451 equipment and medications may have been observed within the health facility, but these items may not 

452 necessarily be accessible to the unit providing NCDI services within the facility (i.e., ultrasound may be 
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453 reserved for obstetrics) or affordable by the patients. We minimized this possibility by including equipment 

454 and medications from general outpatient, NCD, and minor surgical areas. Additionally, medication 

455 availability may fluctuate; however, the date of data collection is randomly assigned and should not bias our 

456 findings. Third, the components of these sets of equipment and medications may not be comprehensive of all 

457 items needed for care associated with each disease condition, but rather represent a core number of elements 

458 measured within the available survey tools.  Fourth, availability of supplies and equipment is not always 

459 associated with quality care.[34]  While there are no data available capturing nationally representative 

460 observations of the quality of NCDI services, previous studies in the field of maternal and child health suggest 

461 that poor quality care can exist even in the presence of necessary supplies.[35]    Fifth, there is some 

462 incomplete data for specific disease conditions in certain countries reflecting adaptation of the SPA 

463 questionnaire by country teams.  Finally, the level of geographical specificity for extreme poverty prevalence 

464 estimates limited the design of the analysis examining associations between poverty and the availability of 

465 medications and equipment. Further study is warranted, both with more specific data about populations in de 

466 facto catchment areas of facilities and process information about how factors like supply chains and planning 

467 affects variation in availability across facilities.

468 Our findings have several implications to improve service availability of NCDIs in LICs.  There is a need to 

469 prioritize decentralization of a broad set of cost-effective and equitable interventions at first-referral level 

470 hospitals to increase care availability.  Such interventions may include those typically confined to referral 

471 and university teaching hospitals and densely populated urban areas, such as chronic care delivery for severe 

472 NCDIs including heart failure, type 1 diabetes, advanced asthma, and palliative care.  Our finding that the 

473 density of hospitals per population is lower in poorer subnational areas, while the distribution of first-referral 

474 hospitals is more equitable, suggests that decentralization of services can create more equitable access. 

475 Collaborations to develop such service packages have recently been launched.[36] Several studies have 

476 reported promising outcomes for task-shifting and task sharing of essential NCD services to support 

477 decentralization and increase availability of such services.[37–39]  Integration of NCD services with existing 

478 HIV and MCH services has been suggested as a cost-effective and important step towards increasing the 

479 availability of services in a universal health coverage (UHC) package, particularly at the primary care 

480 level.[40]  Coordination of governance and policy making for NCDI health sector interventions would also 
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481 provide opportunities for integration of staff, training, guidelines, and supply chains required for adequate 

482 service delivery.[41]  Health financing for integrated platforms of NCDI service delivery within a UHC 

483 framework will be essential to improve basic availability of services.  A high priority package for essential 

484 interventions for NCDIs within UHC has been proposed, and may provide reasonable cost estimates required 

485 to increase coverage of health sector services for NCDIs, including cross-cutting approaches to mental health, 

486 surgery, palliative care, and rehabilitation.[5]  

487 The strengthening of health facility monitoring, and extension of core NCDI indicators is highly needed.[42]  

488 Although some readiness indices exist within standardized surveys, such as SPA and the Service Availability 

489 and Readiness Assessment (World Health Organization), these are typically limited to outpatient 

490 management of hypertension, type 2 diabetes, and asthma.  These surveys do not measure readiness for acute 

491 complications or inpatient needs, rely in part on reported (rather than observed) measures, and do not identify 

492 minimum requirements for service delivery.  An appropriate monitoring framework for NCDIs will need to 

493 include a greater number of tracer items that reflect current clinical guidelines, other NCDI conditions 

494 currently not represented in existing monitoring frameworks but represent a large burden of disease (i.e., 

495 cancer, epilepsy, mental health, renal failure, liver cirrhosis, palliative care surgical services), and domains 

496 such as organization, management, access, availability, and quality of effective services.[43] Additional 

497 examination of costing data, procurement processes, and the supply chain could identify the drivers of 

498 stockouts.  

499 Our findings demonstrate variable but overall low availability of the minimum required equipment and 

500 medications to provide adequate diagnostic and therapeutic interventions for nine chronic conditions and four 

501 acute presentations of chronic conditions at first-referral level hospitals in eight LICs in three different 

502 regions.  This observed availability of medications and equipment is substantially lower than self-reported 

503 diagnosis and management of chronic diseases by facilities in these countries.  The provision of cost-effective 

504 and equitable health sector interventions for the diagnosis and management of both acute and chronic 

505 presentations of NCDIs are highly needed at first-referral level hospitals in LICs.  The strengthening of these 

506 services through the public sector can help keep patients from facing high costs for medicines and procedures.  

507 There is a need for progressive decentralization of services for these conditions to first-referral level facilities, 
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508 integration of such services in existing platforms of care, and improved assessment and monitoring of 

509 delivery of services in LICs to fully achieve targets established for UHC.

510
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661 Figure 1.  Availability of complete essential equipment and medications for acute presentations and 
662 chronic care of NCDI conditions at public first-referral level hospitals in eight low-income countries 

663 CRD=Chronic respiratory disease, CVD=Cardiovascular disease, RHD=Rheumatic heart disease, 
664 HTN=Hypertension
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Appendix Table 1: Summary of Service Provision Assessments and facilities included in data analysis

Facilities 
Included in 
Analysis

Census or 
Sample of 
First-Referral 
Hospitals

Number of 
Surveyed 
Public 
Hospitals of 
Selected 
Level

Number of 
Surveyed 
Private 
Hospitals 
of Selected 
Level

Facilities 
not 
Surveyed of 
Selected 
Level

Number of Total Hospitals of 
Level of Interest in the 
Country, Private and Public 
(from SPA report)

Population[1] Implied Catchment Size 
for Public and Private 
Facilities at Selected 
Level 
(facilities/population)

Catchment Size 
Described in 
Report

Bangladesh 
(2014)[2]

Public upazila 
health 
complexes

Sample 140 0 285 425 upazila health complexes, 
53 district hospitals

159,405,279 
(2014)

Upazila health complexes 
(375,000), district 
hospitals (3 million)

Not described

The 
Democratic 
Republic of 
the Congo 
(2017-
18)[3]

Public non-
tertiary, non-
provincial 
hospitals

Sample 
(includes 
>90% of 
general 
referral 
hospitals)

283 200 491 of 524 
general 
referral 
hospitals 
selected for 
sample*

524 referral hospitals (includes 
tertiary/provincial/national, 
report does not separate)

84,004,989 
(2018)

All referral hospitals 
(160,000), non-
tertiary/provincial referral 
hospitals (~165,000-
175,000)

Not described

Ethiopia 
(2014)[4]

Public primary 
hospitals and 
general 
hospitals

Census 117 65 8 56 primary hospitals, 134 
general hospitals

97,366,774 
(2014)

Primary hospitals (1.7 
million), General hospitals 
(727,000), Combined 
(512,000)

Targets: Primary 
hospital (60,000-
100,000), 
General hospital 
(1-1.5 million)

Haiti 
(2013)[5]

Public 
community 
referral 
hospitals

Census 25 15 ** 121 hospitals (includes other 
types, report does not separate), 
40 community referral 
hospitals in dataset (census)

10,431,776 
(2013)

Community referral 
hospitals (261,000)

Not described

Malawi 
(2013)[6]

Public district 
hospitals and 
rural/community 
hospitals

Census 43 22 ** 119 hospitals (includes other 
types of hospitals, report does 
not separate); 65 district and 
rural/community hospitals in 
dataset (census)

16,577,147 
(2013)

District and 
rural/community hospitals 
combined (255,000)

Not described

Nepal 
(2015)[7]

Public district 
hospitals

Census 76 0 0 76 district hospitals 28,656,282 
(2015)

District hospitals 
(377,000)

Not described
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Senegal 
(2016-
17)[8]

Public hospitals Continuous 
SPA, 
essentially a 
census with 2 
combined 
years

37 33 *** 68 hospitals 15,850,567 
(2017)

Hospitals (233,000) Public hospitals 
(423,000)

Tanzania 
(2014-
15)[9]

Public district 
hospitals and 
district 
designated 
hospitals

Census 76 20 ** 265 hospitals (includes other 
types of hospitals, report does 
not separate); 96 district and 
district designated hospitals in 
dataset (census)

53,879,957 
(2015)

District hospitals and 
district designated 
hospitals (561,000)

Not described

*Calculation not possible with facility types in report table—some of the 524 hospitals include tertiary/provincial hospitals
**Calculation not possible with facility types in report table, but total number in dataset should be close to total since hospital sample was census 
***Calculation not possible with Senegal survey combined from two years, but should be close to facility census combining the surveys

For 95% confidence intervals for estimates from countries without censuses of facilities, we used finite population corrections. In Bangladesh, we knew that there 
were 425 total facilities of interest, of which 140 were surveyed, so we corrected using 425 as the total population. In the DRC, tables in the SPA report gave total 
numbers of general referral hospitals but not the specific type of interest to us. The dataset allowed us to exclude tertiary/provincial hospitals, but we were not able 
to obtain the exact number of public first-referral hospitals. In the sample, there were 283 hospitals we included in the analysis. We know that 491 out of 524 
hospitals (including private) were selected for the sample, so 33 were not included. Conservatively, no more than 316 (283+33) facilities could be in the population 
of hospitals of interest. We used this number for the finite population correction as a conservative cap (confidence intervals are therefore conservatively large.
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Appendix Table 2: Variables excluded from Service Provision Assessment surveys or with >10% 
missing data, by country

Country Variables not included in survey Variables with >10% missing data

Bangladesh All surgical equipment, oral morphine Oral penicillin, injectable morphine, 
injectable pethidine

The Democratic 
Republic of the 
Congo

Injectable morphine/pethidine, oral morphine

Ethiopia Oral penicillin, oral morphine

Haiti Oral penicillin, injectable morphine/pethidine, oral 
morphine

Some surgical equipment

Malawi - Oral penicillin

Nepal Oral penicillin, benzathine penicillin, injectable 
morphine/pethidine, oral morphine

Senegal Oral penicillin, injectable morphine/pethidine, oral 
morphine

Analgesics

Tanzania Oral penicillin Oral morphine

*variables asked in only one country include: phenobarbitone tablets (Nepal), diazepam tablets (Bangladesh), 
carbamazepine tablets (Nepal)
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Appendix Table 3: Indicators in modified Multi-dimensional Poverty Index

Dimension Indicator Deprivation cut-off 

Schooling No household member has completed five years of schoolingEducation 

Attendance Any school-aged child in the household is not attending school up to class 8

Electricity The household has no electricity

Sanitation The household’s sanitation facility is not improved or it is shared with other 
households

Water The household does not have access to safe drinking water or safe water is more than 
a 30-minute walk, round trip

Floor The household has a dirt, sand, or dung floor

Cooking fuel The household cooks with dung, wood, or charcoal

Standard of 
living 

Assets The household does not own more than one of the following: radio, TV, telephone, 
bike, motorbike, or refrigerator; however, if the household owns a car or truck, they 
do not count as deprived in this category
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Appendix Table 4: Source of data for Multi-dimensional Poverty Index, by country 

Country Poverty Index 
Survey 

Bangladesh DHS 2014

The Democratic Republic of the 
Congo

DHS 2013-14

Ethiopia DHS 2011*

Haiti DHS 2012*

Malawi DHS 2015-16

Nepal MICS 2014

Senegal DHS 2015*

Tanzania DHS 2015-16

*More recent DHS 2016 available. Estimates do not reflect these new datasets.
Differences in year between poverty and SPA surveys in each country are 3 years or fewer (DRC 3-4 years)
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Subnational poverty, hospital density, and availability of services.

Poverty and service availability

We defined the prevalence of extreme poverty using a modified version of the Multidimensional Poverty 
Index.[10] We defined extreme poverty using 5 of 8 deprivations (Appendix Table 3). Using household 
survey data from recent surveys (Appendix Table 4), we found the proportion of the population in districts 
or regions that met this definition of extreme poverty. 

To assess whether there might be an association between poverty prevalence in the subnational areas in which 
hospitals are located and the availability of medications and equipment at these hospitals, we conducted 
country-specific regressions using two different specification strategies. 

In our construction of the sets of medication and equipment, there was information loss because the absence 
of one item made the whole set unavailable. To include this information in our assessment of the possible 
association between poverty and availability of medications and equipment, we included each of the 
individual items that are part of the various disease-specific sets (main text Table 1), deduplicating the items 
contained in multiple sets. We calculated the percent of the total items available at each facility. This 
proportion, transformed to logit space, was the outcome in both of our regression specifications.

In the first regression specification, we regressed the logit-transformed proportion of total items available in 
hospitals (h) on the proportion of population living in poverty (% Pop Poverty) in the subnational area (region 
or district) where the hospital is located. We conducted a separate regression for each country because we 
anticipated different associations were possible in different countries based on differences in health systems 
across countries.

𝐿𝑜𝑔𝑖𝑡(% 𝐼𝑡𝑒𝑚𝑠 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒)𝑐,ℎ = 𝛽1,𝑐 + 𝛽2,𝑐 ∗ % 𝑃𝑜𝑝 𝑃𝑜𝑣𝑒𝑟𝑡𝑦𝑐,ℎ +  𝜀𝑐,ℎ

The second specification allowed for nonlinear associations between the two variables. We created bins of 
facilities, grouped using cutoffs in the poverty prevalence variable. To illustrate, in a country where hospitals 
were binned into four groups based on poverty prevalence, the groups would be included as “dummy” 
variables (I) as follows, where I2, I3, and I4 represent the second two groups, while the first group is the 
reference group.

𝐿𝑜𝑔𝑖𝑡(% 𝐼𝑡𝑒𝑚𝑠 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒)𝑐,ℎ = 𝛽1,𝑐 + 𝛽2,𝑐 ∗ 𝐼2,𝑐,ℎ + 𝛽3,𝑐 ∗ 𝐼3,𝑐,ℎ + 𝛽4,𝑐 ∗ 𝐼4,𝑐,ℎ +  𝜀𝑐,ℎ

We did two sets of regressions using groups created in two different ways—based on the quartiles of poverty 
prevalence and based on dividing the poverty prevalence range of the subnational units in the country into 
four categories evenly spaced on the scale of poverty prevalence. To create the first category, we ranked the 
hospitals by poverty prevalence in the corresponding subnational unit and calculated the cumulative 
proportion of hospitals. We split groups based on the cumulative proportions closest to 25%, 50%, and 75%. 
To create the second category, we subtracted the poverty prevalence in the lowest-poverty area from the 
poverty prevalence in the highest-poverty area. We then divided this range into four even parts and assigned 
hospitals to the four groups using the poverty prevalence in the subnational unit corresponding to the hospital. 
Sometimes, one of the parts of the range did not contain any of the public first-referral level hospitals. For 
instance, in Ethiopia, the ranges were approximately 2.8-23.925%, 23.925-45.05%, 45.05-66.175%, and 
66.175-87.3%, but there were no subnational units with between 45.05% and 66.175% poverty prevalence. 
In cases with no subnational units in a particular quartile, the model simply had fewer categories. Ranges in 
the other countries were as follows: Bangladesh (22.1-26.725%, 26.725-32.25%, 32.25-37.775%, and 
37.775-43.3%), DRC (2.6-24.35%, 24.35-46.1%, 46.1-67.85%, and 67.85-89.6%), Haiti (21.7-33.925%, 
33.925-46.15%, 46.15-58.375%, and 58.375-70.6%), Malawi (21.4-31.675%, 31.675-41.95%, 41.95-
52.225%, and 52.225-62.5%), Nepal (8.7-12.69167%, 12.69167-16.65%, 16.65-20.60833%, and 20.60833-
24.56667%), Senegal (8.7-19.5%, 19.5-30.3%, 30.3-41.1%, and 41.1-51.9%), and Tanzania (16.3-31.45%, 
31.45-46.6%, 46.6-61.75%, and 61.75-76.9%).

Scatter plots of the percent of items available and the percent of the population in poverty are found in 
Appendix Figure 1. Points on a vertical line indicate facilities located within the same subnational unit. While 
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some subnational units do visually appear to have different average availability than others, there is relatively 
little visual evidence of systematic trends in availability with respect to poverty. Results from the first 
regression specification are in Appendix Table 5. There was a significant association in the Democratic 
Republic of the Congo (p < 0.05) and an association that would meet looser criteria for significance in 
Bangladesh (p < 0.1). The degree of the associations were not too large—they implied differences of 8 
percentage points between the lowest-poverty (2.6%) and highest-poverty (89.6%) units in the Democratic 
Republic of the Congo and 6 percentage points between the lowest-poverty (21.2%) and highest-poverty 
(43.3%) units in Bangladesh, for instance, corresponding to roughly two to four of the 41 items included in 
creating the proportions. The regression coefficients on the poverty term were insignificant in the other 
countries and their point estimates were positive, rather than negative, in all but Nepal.

Appendix Figure 1: Percent of medication and equipment items available in hospitals and percent of 
the population living in poverty in the region or district of the hospitals, by country

Appendix Table 5: Regression results for association between availability of medications and equipment 
at public first-referral level hospitals and poverty in corresponding subnational unit, specification 1

Country Intercept 
β (SE)

Logit Poverty Proportion 
β (SE)

Bangladesh -0.46103 (0.21740)† -0.01428 (0.00743)*
Democratic Republic of 
the Congo

0.44823  (0.14464) ‡ -0.00393 (0.00196)†

Ethiopia 0.43452  (0.41700) 0.00457  (0.00502)
Haiti -0.30321 (0.36910) 0.00866  (0.00806)
Malawi -0.05541 (0.55816) 0.00914  (0.01145)

Page 37 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

Nepal 0.57292  (0.19222) ‡ -0.01375 (0.01287)
Senegal 0.10679  (0.18376) 0.00560  (0.00538)
Tanzania 0.61029  (0.20044)‡ 0.00048  (0.00351)

*p < 0.1, †p < 0.05, ‡p < 0.01

The second set of results, using regressions with hospitals grouped based on ranges of poverty prevalence, 
gave results that were similar in some ways but differed in others. The quartile regression found lower 
availability in the highest-poverty quartile in Bangladesh (p < 0.05), while the regression based on the ranges 
found that the hospitals in the highest poverty range showed lower availability under weaker criteria for 
significance (p < 0.1). In the Democratic Republic of the Congo, the selection of bins made a large difference 
in interpretation. Using quintiles showed lower availability in hospitals in the poverty quintiles above the 
first, while using ranges found higher availability in the third range compared to the first. The plot showed a 
downward trend in availability with poverty in the units with poverty over 50%, but the subnational unit with 
very low poverty created an odd distribution. Similarly, in Ethiopia, the range was made large by few 
hospitals in low-poverty areas, but the specification using quartiles found higher availability in higher-
poverty quartiles (p < 0.01). In Haiti, both methods, but particularly the quartile method, suggested higher 
availability in hospitals in higher-poverty areas. Both methods showed higher availability in the third group 
in Senegal. No association was found in Malawi, Nepal, or Tanzania. 

While both the continuous and binned specifications suggested lower availability in higher-poverty 
subnational units in Bangladesh and the Democratic Republic of the Congo, the story appears more complex. 
The trend in Congo appears to be mostly among the subnational units in higher-poverty areas rather than 
compared to the hospitals in the low-poverty area, evidenced by Appendix Figure 1 and the differing results 
from the bins using the range method rather than the quartile method. Additionally, the binned methods 
suggested availability was higher in high-poverty areas in Haiti and Ethiopia, though somewhat 
inconsistently between the two binning methods.

From this analysis, we can conclude that there is some evidence for differences in availability of medications 
and equipment across public first-referral level hospitals that may correlate with poverty, though not in a 
consistent manner across countries or across methods of evaluation. There appear to be both positive and 
negative correlations in different locations. More detailed data, for example, relating to poverty in specific 
facility catchment areas, would be necessary to make nuanced claims about inequities in availability of 
medications and equipment. There is variation in availability within subnational units (points oriented 
vertically in Appendix Figure 1), which means that facility catchment area factors, for example, could 
correlate with availability.  Further, to understand the drivers of any patterns, more complex administrative 
data, for instance on supply chains and procurement, would be necessary.

Poverty and hospital density per population

Another factor contributing to inequitable access to care for individuals and families living in poverty is 
geographic access to health facilities. The density of health facilities tends to be higher in urban areas for 
many reasons, including availability of human resources and proximity to larger populations. We tested 
whether the density of hospitals per population in subnational areas was associated with the prevalence of 
extreme poverty, both for public first-referral level hospitals and hospitals overall. We excluded Bangladesh 
and the Democratic Republic of the Congo from this analysis. The survey in Bangladesh did not contain a 
census of first-referral level hospitals, and the survey in the Democratic Republic of the Congo was not as 
close to a complete census as the surveys in the other countries. We totaled the number of first-referral level 
and overall hospitals per subnational area, and calculated the density of hospitals per population. We 
hypothesized that the density of public first-referral level hospitals per population in a subnational area would 
not be associated with subnational poverty because governments tend to distribute these hospitals to have 
relatively consistent catchment areas and to cover the whole population. We hypothesized that the density of 
hospitals overall in a subnational area would be lower in subnational areas with higher poverty because 
hospitals tend to be more concentrated in large urban areas, which tend to have lower poverty prevalence 
than rural areas. We regressed the hospital density per capita in each subnational area (s) on the proportion 
of the population in extreme poverty, pooling countries (c) and including a set of country indicators (I) to 
account for country differences in overall density of facilities. 
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𝐻𝑜𝑠𝑝𝑖𝑡𝑎𝑙𝑠 𝑝𝑒𝑟 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑐,𝑠 = 𝛽1 + 𝛽2 ∗ % 𝑃𝑜𝑝 𝑃𝑜𝑣𝑒𝑟𝑡𝑦𝑐,𝑠 + 𝛽3 ― 7 ∗ 𝐼𝑐 +  𝜀𝑐

We also tested a specification including the log of the subnational population in the subnational area as a 
predictor, as one might expect high-population areas to have a greater density of hospitals because of 
concentration of resources in large urban centers.

We found no association between the density of public first-referral level hospitals per population and poverty 
prevalence. Meanwhile, the density of hospitals per population overall was lower in higher-poverty areas (p 
< 0.01). The log of the population was a significant predictor, but its inclusion did not substantially change 
the results. These findings are consistent with our hypothesis that the density of public first-referral level 
hospitals is relatively consistent with respect to poverty prevalence but that hospitals overall are more 
common in higher-population, lower-poverty areas. These findings reinforce that availability of services at 
public first-referral level hospitals is important for equity, as these facilities are more evenly distributed with 
respect to poverty prevalence. However, these findings do not incorporate information about other aspects of 
accessibility including travel time, distance, or fees, for example.

Appendix Table 6: Regression results for association between availability of medications and equipment 
at public first-referral level hospitals and poverty in corresponding subnational unit, specification 2

Country Hospitals Grouped in Quartiles Hospitals Grouped in Even % Ranges
Bangladesh

Intercept β (SE) -0.62287 (0.11719) ‡ Intercept β (SE) -0.80940 (0.07400) ‡

Q1 β (SE) Ref R1 β (SE) Ref
Q2 β (SE) -0.30865 (0.16214)* R2 β (SE) 0.07353  (0.19378)
Q3 β (SE) -0.20948 (0.16996) R3 β (SE) -0.12964 (0.15309)
Q4 β (SE) -0.38529 (0.15402) † R4 β (SE) -0.28969 (0.17061)*

Democratic Republic of the Congo
Intercept β (SE) 0.43720  (0.06017) ‡ Intercept β (SE) -0.00119 (0.15268)
Q1 β (SE) Ref R1 β (SE) Ref
Q2 β (SE) -0.41962 (0.10040) ‡ R2 β (SE) ND
Q3 β (SE) -0.26806 (0.08826) ‡ R3 β (SE) 0.51809  (0.16598) ‡

Q4 β (SE) -0.54222 (0.09452) ‡ R4 β (SE) 0.04153  (0.15815)
Ethiopia

Intercept β (SE) 0.51980  (0.09484) ‡ Intercept β (SE) 1.06471  (0.55630)*
Q1 β (SE) Ref R1 β (SE) Ref
Q2 β (SE) 0.47039  (0.13900) ‡ R2 β (SE) -0.33381 (0.68133)
Q3 β (SE) 0.40906  (0.15384) ‡ R3 β (SE) ND
Q4 β (SE) 0.33925  (0.12635) ‡ R4 β (SE) -0.25477 (0.55874)

Haiti
Intercept β (SE) -0.26178 (0.20445) Intercept β (SE) -0.26178 (0.22762)
Q1 β (SE) Ref R1 β (SE) Ref
Q2 β (SE) 0.88173  (0.30094) ‡ R2 β (SE) 0.64785  (0.31168)*
Q3 β (SE) -0.10821 (0.30094) R3 β (SE) 0.03122  (0.33505)
Q4 β (SE) 0.59917  (0.30094)* R4 β (SE) 0.71651  (0.37747)*

Malawi
Intercept β (SE) 0.31416  (0.29877) Intercept β (SE) 0.71179  (0.41719)*
Q1 β (SE) Ref R1 β (SE) Ref
Q2 β (SE) -0.21344 (0.36996) R2 β (SE) -0.69985 (0.48718)
Q3 β (SE) 0.40502  (0.41061) R3 β (SE) -0.51035 (0.5014)
Q4 β (SE) 0.20861  (0.39266) R4 β (SE) -0.10884 (0.45901)

Nepal
Intercept β (SE) 0.60827  (0.13866) ‡ Intercept β (SE) 0.41107  (0.08195) ‡

Q1 β (SE) Ref R1 β (SE) Ref
Q2 β (SE) -0.30927 (0.1935) R2 β (SE) -0.08995 (0.20569)
Q3 β (SE) -0.28595 (0.20214) R3 β (SE) ND
Q4 β (SE) -0.29735 (0.18514) R4 β (SE) -0.10801 (0.18465)

Senegal
Intercept β (SE) 0.09308  (0.13972) Intercept β (SE) 0.09308  (0.13939)
Q1 β (SE) Ref R1 β (SE) Ref
Q2 β (SE) 0.32670  (0.24770) R2 β (SE) ND
Q3 β (SE) 0.58337  (0.23691) † R3 β (SE) 0.46359  (0.19713) †

Q4 β (SE) -0.05308 (0.2477) R4 β (SE) -0.05308 (0.24711)
Tanzania
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Intercept β (SE) 0.57313  (0.14036) ‡ Intercept β (SE) 0.57313  (0.14786) ‡

Q1 β (SE) Ref R1 β (SE) Ref
Q2 β (SE) 0.23783  (0.17626) R2 β (SE) 0.22976  (0.22732)
Q3 β (SE) -0.22383 (0.18377) R3 β (SE) 0.25603  (0.27662)
Q4 β (SE) 0.23898  (0.20201) R4 β (SE) 0.01739  (0.17122)

*p < 0.1, †p < 0.05, ‡p < 0.01, ND=No Data
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Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses
Results from multiple regression specifications described briefly at end of results 
section and presented in full detail in appendix 

Discussion
Key results 18 Summarise key results with reference to study objectives

First paragraph of discussion section summarizes results with reference to 
objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias
Limitations paragraph in discussion section lists and contextualizes limitations.

Page 42 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

3

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence
Study is interpreted with reference to evidence form other studies in discussion 
and interpretation is summarized at the end of the discussion section.

Generalisability 21 Discuss the generalisability (external validity) of the study results
We discuss generalizability across countries as well as across disease types

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based
Funding and role of funders is reported

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.

Page 43 of 41

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only
Availability of Equipment and Medications for Non-

Communicable Diseases and Injuries at Public First-Referral 
Level Hospitals: A Cross-sectional Analysis of Service 

Provision Assessments in Eight Low-Income Countries 

Journal: BMJ Open

Manuscript ID bmjopen-2020-038842.R1

Article Type: Original research

Date Submitted by the 
Author: 17-Jun-2020

Complete List of Authors: Gupta, Neil; Harvard Medical School Department of Global Health and 
Social Medicine, Program in Global Noncommunicable Diseases and 
Social Change; Brigham and Women's Hospital,  Division of Global 
Health Equity
Coates, Matthew; Harvard Medical School Department of Global Health 
and Social Medicine, Program in Global Noncommunicable Diseases and 
Social Change; Brigham and Women's Hospital, Division of Global Health 
Equity
Bekele, Abebe; Ethiopian Public Health Institute, Health System and 
Reproductive Health Research Directorate
Dupuy, Roodney; Le Ministère de la Santé Publique et de la Population
Fénelon, Darius Leopold; Zanmi Lasante
Gage, Anna; Harvard T.H. Chan School of Public Health, Department of 
Global Health and Population
Getachew, Theodros ; Ethiopian Public Health Institute, Health System 
and Reproductive Health Research Directorate; University of Gondar 
College of Medicine and Health Sciences, College of Medicine and Health 
Science, Institute of Public Health
Karmacharya, Biraj; Kathmandu University School of Medical Sciences, 
Department of Community Medicine
Kwan, G.; Harvard Medical School Department of Global Health and 
Social Medicine, Program in Noncommunicable Diseases and Social 
Change; Boston University School of Medicine, Section of Cardiovascular 
Medicine
Lulebo, Aimée ; University of Kinshasa, Kinshasa School of Public Health
Masiye, Jones; Malawi Ministry of Health
Mayige, Mary; National Institute for Medical Research
Ndour Mbaye, Maïmouna; Cheikh Anta Diop University, Department of 
Internal Medicine, University Hospital Center of Dakar
Mridha, Malay Kanti; BRAC University, Center for Non-communicable 
Diseases and Nutrition, BRAC James P Grant School of Public Health
Park, Paul; Harvard Medical School Department of Global Health and 
Social Medicine, Program in Noncommunicable Diseases and Social 
Change; Brigham and Women's Hospital, Division of Global Health Equity
Dagnaw, Wubaye; Partners In Health; Ethiopia Ministry of Health
Wroe, Emily; Harvard Medical School Department of Global Health and 
Social Medicine, Program in Global Noncommunicable Diseases and 
Social Change; Brigham and Women's Hospital, Division of Global Health 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open



For peer review only

Equity
Bukhman, Gene; Harvard Medical School Department of Global Health 
and Social Medicine, Program in Global Noncommunicable Diseases and 
Social Change; Brigham and Women's Hospital, Division of Global Health 
Equity

<b>Primary Subject 
Heading</b>: Global health

Secondary Subject Heading: Global health, Health services research

Keywords:
CARDIOLOGY, DIABETES & ENDOCRINOLOGY, Health policy < HEALTH 
SERVICES ADMINISTRATION & MANAGEMENT, TROPICAL MEDICINE, 
Asthma < THORACIC MEDICINE, SURGERY

 

Page 1 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 2 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/


For peer review only

1

1 Availability of Equipment and Medications for Non-Communicable Diseases and Injuries at 
2 Public First-Referral Level Hospitals: A Cross-sectional Analysis of Service Provision 
3 Assessments in Eight Low-Income Countries 

4
5 Authors: Neil Gupta1,2,3, Matthew M Coates1, Abebe Bekele4, Roodney Dupuy5, Darius Leopold Fénelon6, 
6 Anna D Gage7, Theodros Getachew4,8, Biraj M Karmacharya9, Gene F Kwan1,3,10, Aimée Lulebo11, Jones K 
7 Masiye12, Mary Mayige13, Maïmouna Ndour Mbaye14, Malay K Mridha15, Paul H Park1,2,3, Wubaye Walelgne 
8 Dagnaw3,16, Emily B Wroe1,2,3, Gene Bukhman1,2,3, 17

9
10 Affiliations:
11
12 1. Department of Global Health and Social Medicine, Program in Global Noncommunicable Diseases and 
13 Social Change, Harvard Medical School, Boston, USA; 
14
15 2. Division of Global Health Equity, Brigham & Women’s Hospital, Boston, USA;
16
17 3. Partners In Health, Boston, USA
18
19 4. Health System and Reproductive Health Research Directorate, Ethiopian Public Health Institute, Addis 
20 Ababa, Ethiopia;
21
22 5. Le Ministère de la Santé Publique et de la Population, Port-au-Prince, Haiti
23
24 6. Zanmi Lasante, Haiti
25
26 7. Department of Global Health and Population, Harvard T. H. Chan School of Public Health, Boston, USA
27
28 8. College of Medicine and Health Science, Institute of Public Health, University of Gondar, Gondar, 
29 Ethiopia
30
31 9. Department of Community Medicine, Kathmandu University School of Medical Sciences, Dhulikhel, 
32 Nepal
33
34 10. Section of Cardiovascular Medicine, Boston University School of Medicine, Boston, USA
35
36 11. School of Public Health, Kinshasa, The Democratic Republic of the Congo
37
38 12. Malawi Ministry of Health, Lilongwe, Malawi 
39
40 13. National Institute for Medical Research, Dar Es Salaam, Tanzania
41
42 14. Department of Internal Medicine, University Hospital Center of Dakar, Cheikh Anta Diop University, 
43 Dakar, Senegal
44
45 15. Center for Non-communicable Diseases and Nutrition, BRAC James P Grant School of Public Health, 
46 BRAC University, Dhaka, Bangladesh 
47
48 16. Ministry of Health, Federal Democratic Republic of Ethiopia, Addis Ababa, Ethiopia
49
50 17. Division of Cardiovascular Medicine, Brigham & Women’s Hospital, Boston, USA
51
52 Corresponding author: Gene Bukhman, gene_bukhman@hms.harvard.edu, 641 Huntington Avenue
53 Boston, Massachusetts 02115, +1-617-432-6052
54 Word count: 4203

Page 3 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://www.scirp.org/jouRNAl/articles.aspx?searchCode=Department+of+Internal+Medicine+II%2c+University+Hospital+Center+of+Dakar%2c+Cheikh+Anta+Diop+University%2c+Dakar%2c+Senegal&searchField=affs&page=1
https://www.scirp.org/jouRNAl/articles.aspx?searchCode=Department+of+Internal+Medicine+II%2c+University+Hospital+Center+of+Dakar%2c+Cheikh+Anta+Diop+University%2c+Dakar%2c+Senegal&searchField=affs&page=1
mailto:gene_bukhman@hms.harvard.edu


For peer review only

2

55 Abstract

56 Context and Objectives

57 Non-communicable diseases and injuries (NCDIs) comprise a large share of mortality and morbidity in low-

58 income countries (LICs), many of which occur earlier in life and with greater severity than in higher income 

59 settings.  Our objective was to assess availability of essential equipment and medications required for a broad 

60 range of acute and chronic NCDI conditions. 

61 Design

62 Secondary analysis of existing cross-sectional survey data

63 Setting

64 We utilized data from Service Provision Assessment surveys in Bangladesh, the Democratic Republic of the 

65 Congo, Ethiopia, Haiti, Malawi, Nepal, Senegal, and Tanzania, focusing on public first-referral level 

66 hospitals in each country. 

67 Outcome measures

68 We defined sets of equipment and medications required for diagnosis and management of four acute and nine 

69 chronic NCDI conditions and determined availability of these items at the health facilities. 

70 Results

71 Overall, 797 hospitals were included. Medication and equipment availability was highest for acute epilepsy 

72 (country estimates ranging from 40 to 95%) and stage 1-2 hypertension (28-83%).  Availability was low for 

73 type 1 diabetes (1-70%), type 2 diabetes (3-57%), asthma (0-7%), and acute presentations of diabetes (0-

74 26%) and asthma (0-4%). Few hospitals had equipment or medications for heart failure (0-32%), rheumatic 

75 heart disease (0-23%), hypertensive emergencies (0-64%), or acute minor surgical conditions (0-5%). Data 

76 for chronic pain was limited to only two countries.  Availability of essential medications and equipment was 

77 lower than previous facility-reported service availability.  

78 Conclusions

79 Our findings demonstrate low availability of essential equipment and medications for diverse NCDIs at first-

80 referral level hospitals in eight LICs.  There is a need for decentralization and integration of NCDI services 

81 in existing care platforms and improved assessment and monitoring to fully achieve universal health coverage.
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82 Strengths and limitations of this study

83  To our knowledge, this is the first analysis with cross-country comparisons of readiness at first-

84 referral level hospitals for acute and chronic presentations of a broader range of non-communicable 

85 diseases and injuries in low-income countries using practical and well-defined clinical criteria.

86  Valid cross-country analysis was possible by comparing facilities at analogous levels of the health 

87 system and using Service Provision Assessment data, which is largely standardized across countries.

88  The Service Provision Assessment surveys lack longitudinal data, and our analysis does not include 

89 information about supply chains, limiting the nature of the description about the availability of 

90 medications and equipment.

91  While we analyzed data from eight countries representing a variety of low-income countries 

92 geographically, there are many more countries excluded from our analysis.

93

94

95

96

97

98

99

100

101

102

103
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104 Introduction

105 Non-communicable diseases (NCDs) and injuries (NCDIs) are major drivers of the disease burden in low-

106 income countries (LICs), accounting for 41% of mortality and morbidity in terms of disability-adjusted life 

107 years (DALYs) in 2017.[1] In many LICs, the risk factors, epidemiology, and disease conditions that 

108 comprise the burden of NCDIs differs from that seen in higher income countries.[2]  In these countries, 

109 harmful environments, infectious diseases, and poor access to timely and high-quality health services are 

110 important factors contributing to the burden of NCDs.[3,4]

111 Health-sector interventions to address this burden have been increasingly recognized as both cost-effective 

112 and equitable, particularly for severe NCDIs affecting individuals early in life.[2,5] In many LICs, 

113 availability of services to diagnose and manage NCDs is low and most often found primarily in urban higher-

114 level hospitals.[4] However, several NCDI interventions may be optimally delivered at first-referral level 

115 hospitals, which have been recognized as an essential component of the primary health care system.[5] These 

116 first-referral hospitals, called district hospitals in some health systems, provide an opportunity to decentralize 

117 care, as they are more accessible to patients than tertiary referral hospitals and more capable of providing 

118 advanced services than health centers.[6,7] Populations in rural areas, which tend to have higher rates of 

119 poverty in LICs,[8] often face challenges accessing health care at distant facilities.[9]  Although one study 

120 has shown low readiness of health facilities in five LICs to deliver general services for cardiovascular disease, 

121 diabetes, and chronic respiratory diseases,[4] there has been limited multi-country assessment of hospital 

122 capacity to deliver a broader range of priority NCDI interventions. Some facility surveys assessing readiness 

123 and quality of care for other types of care, such as for maternal health, have found lower quality in facilities 

124 located in areas with higher rates of poverty.[10]  

125 In this study, we evaluated the availability of equipment and medications for management and diagnosis of 

126 the acute and chronic presentations of a broad range of NCDIs at first-referral level hospitals in eight LICs: 

127 Bangladesh, the Democratic Republic of the Congo (DRC), Ethiopia, Haiti, Malawi, Nepal, Senegal, and 

128 Tanzania.  We selected specific NCDIs with potentially severe presentations early in life, including asthma, 

129 hypertensive emergencies, heart failure, rheumatic heart disease, type 1 and 2 diabetes, epilepsy, injuries and 

130 minor surgical conditions, and chronic pain.  Given previous findings linking poverty and healthcare quality, 
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131 we examined whether there were associations between subnational prevalence of extreme poverty and 

132 availability of equipment and medications.  To the best of our knowledge, the countries we included in this 

133 study are the only LICs with comparable, openly available, nationally representative data on NCDI service 

134 provision recently collected via a standardized survey. 

135 Methods

136 Study Setting and Data Sources

137 We utilized publicly available data from all Service Provision Assessment (SPA) surveys conducted in LICs 

138 through 2018. The SPA surveys are nationally-representative health facility assessments administered as part 

139 of the Demographic and Health Survey (DHS) program.[11] These surveys were designed to assess human 

140 resources, infrastructure, equipment and medications available for maternal and child health (MCH) and 

141 priority infectious diseases.[11] In 2012, the SPA questionnaires were updated to include indicators for some 

142 NCDIs, including infrastructure, human resources, medications, equipment, and guidelines. Survey collectors 

143 indicate medications and equipment as available if they directly observe these items on the day of the survey.

144 Since the initial inclusion of questions on NCDs, SPA surveys had been completed as of 2018 in eight LICs 

145 representing a broad range of geography, population size, economic productivity, health care expenditure, 

146 and health system capacity: Bangladesh (2014), the DRC (2017-18), Ethiopia (2014), Haiti (2013), Malawi 

147 (2013-14), Nepal (2015), Senegal (2016-17), and Tanzania (2014-15) (Appendix Table 1).[12] Bangladesh 

148 subsequently graduated to lower-middle income status in 2015, and Senegal was moved from a lower-middle-

149 income country to a low-income country in 2017 and back to a lower-middle-income country in 2020. These 

150 countries, excluding Senegal and Bangladesh, together represent 19% of countries classified as LICs by the 

151 World Bank for the 2020 fiscal year and 44% of the global population living in LICs.[13,14]   The surveys 

152 in Haiti and Malawi were facility censuses, intended to capture all health facilities in the country. In Nepal, 

153 all public facilities were in the sampling frame and almost all public hospitals were surveyed. All hospitals 

154 in Ethiopia were included in the survey collection, along with a representative sample of private clinics and 

155 health centers. In Tanzania, all types of facilities were in the sampling frame, and 99% of hospitals were 

156 selected for the sample. In the DRC, the survey was done using a stratified random sample to obtain results 

157 by province and type of health facility. In Bangladesh, the surveys were conducted on a stratified random 
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158 sample of facilities to obtain representative estimates by seven administrative divisions and by facility types 

159 (including a census of public district hospitals but a sample of public upazila health complexes). The 

160 combined 2016 and 2017 surveys in Senegal essentially includes a census of hospitals. Full details on the 

161 data from each country can be found in online reports, along with survey instruments.[12] Data from these 

162 surveys were obtained from the DHS program (www.dhsprogram.com). 

163 We build on methods previously developed to assess the quality of primary health care using similar 

164 datasets.[15,16] The datasets were cleaned and standardized across the countries, categorizing facilities as 

165 hospitals, health centers and clinics, or other facilities such as dispensaries. Facility weights used in 

166 analysis accounted for survey design and nonresponse to ensure representativeness, as oversampling is 

167 often done for certain facility types in these surveys. Our assessment focused on public first-referral 

168 hospitals. We regarded first-referral level hospitals as the first point of care for patients requiring referral 

169 from a primary health center level, and the names for these facility types varied across countries.  We 

170 limited our analysis to public-sector facilities to optimize evaluation of health system investment and 

171 capacities provided from government sources for the poorest segment of the population, though data is not 

172 available within SPA surveys to specify payment source and mechanism for each commodity or service 

173 provided. In Nepal, we classified public district hospitals as first-referral level hospitals. In Bangladesh, we 

174 classified upazila health complexes as first-referral level hospitals because they are described as hospitals 

175 with in-patient beds and surgical care, occupy a lower level than district hospitals in Bangladesh, and have 

176 population catchment areas similar to district hospitals in other countries (1 facility per 375,000 population, 

177 compared to a range across other countries of 1 facility per ~175,000-560,000). In Malawi and Tanzania, 

178 we combined public district hospitals with public rural/community hospitals (Malawi) and district 

179 designated hospitals (Tanzania) as first-referral level hospitals. In Haiti, we used the community referral 

180 hospital classification. In Senegal, we reported on all public hospitals because more specific categories 

181 were not available from the SPA data. In the DRC, we used public hospitals below the provincial/tertiary 

182 level, though we could not differentiate between additional categories from the available data. In Ethiopia, 

183 we used both primary hospitals and general hospitals given the relatively recent introduction of primary 

184 hospitals and similarities in service delivery standards. Additional details can be found in Appendix Table 
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185 1. The study protocol was reviewed and determined non-human subject research by the Institutional 

186 Review Board of the Harvard Faculty of Medicine.

187 Data Analysis

188 We analyzed the availability of essential equipment and medications required for diagnosis and treatment of 

189 nine chronic disease states and four acute presentations of eleven NCDI conditions (Table 1).  We defined 

190 the minimum set of essential equipment and medications for the diagnosis and treatment of each condition 

191 using existing guidelines and iterative expert review from a group of public health practitioners, researchers, 

192 and clinicians familiar with the local contexts. Acute conditions are those that require urgent procedures or 

193 hospitalization, whereas chronic conditions were those requiring longitudinal follow-up for ongoing 

194 monitoring and disease management. The availability of the full essential set of functioning equipment and 

195 unexpired medications was determined for each facility. We considered equipment available if it was present 

196 in general outpatient, NCD, or minor surgical areas. Medications were considered available if they were 

197 observed present and unexpired. In most cases, the data necessary to create these sets were available. In cases 

198 in which a survey question about one of the components of the equipment and medication set for a condition 

199 was not answered but the rest of the components were present at the facility, the facility received an 

200 “unknown” classification for that set. If any one of the components was unavailable, then the essential set 

201 was classified as unavailable.  Surveys in some countries did not contain questions about all of the relevant 

202 medications and equipment.  In these cases, as well as in countries with >10% missing data for a particular 

203 variable, the country was excluded from analysis (see Appendix Table 2 for list of missing variables). Missing 

204 variables and “unknown” classifications for a set of equipment and medications were rare, resulting most 

205 frequently from surveys in particular countries excluding certain pain medications or surgical equipment. A 

206 total of 21 out of 797 public first-referral hospitals (less than 3%), 20 of these in Bangladesh, did not provide 

207 NCD services according to the survey. If these particular facilities were missing data for particular 

208 medications or equipment, we assumed the medications or equipment were unavailable. The availability of 

209 the essential sets of equipment and medications and their component items were tabulated by geographic 

210 units (both by country and by subnational units within countries). We also compared the proportion of 

211 facilities that reported diagnosing and managing chronic respiratory diseases, cardiovascular diseases, and 

212 diabetes with the availability of essential equipment and medications for asthma, diabetes, hypertension, heart 
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213 failure, and rheumatic heart disease at those same facilities. We reported 95% confidence intervals (CI) for 

214 estimates using standard survey tabulation methods for countries that surveyed a sample of public first-

215 referral hospitals (Bangladesh and the DRC) but not for countries where surveys were intended as a facility 

216 census.  The surveys from Bangladesh and the DRC sampled a relatively large proportion of the total number 

217 of hospitals, so we calculated the 95% CI incorporating a correction for finite population size.

218 Table 1. Assigned essential equipment and medications for acute presentations of and chronic care for 
219 NCDI conditions at first-referral level hospitals 

Disease Area Essential Equipment and Medications
Acute Care Chronic Care

Asthma Pulse oximeter, peak flow meter, oxygen, 
x-ray, salbutamol inhaler, prednisolone, 
hydrocortisone injection, nebulizer

Stethoscope, salbutamol inhaler, beclomethasone 
inhaler, prednisolone

Hypertension (Stage 1 
or 2)

Blood pressure apparatus, stethoscope, at least two 
classes of anti-hypertensive medications (calcium 
channel blocker, ACE inhibitor, thiazide diuretic, 
or beta blocker)

Hypertension requiring 
3 anti-hypertensive 
classes

Essential equipment and medications for 
hypertension stage 1 or 2 (above), one additional 
class of anti-hypertensive medications 

Hypertension requiring 
4 anti-hypertensive 
classes

Essential equipment and medications for 
hypertension stage 1 or 2 (above), two additional 
class of anti-hypertensive medications

Heart Failure Adult weighing scale, stethoscope, blood pressure 
apparatus, ACE inhibitor, beta-blocker, 
furosemide, ultrasound*

Rheumatic Heart 
Disease 

Essential equipment and medications for heart 
failure (above), oral penicillin or benzathine 
penicillin injection, epinephrine injection

Diabetes Type 1 Serum glucose, insulin
Diabetes Type 2 

Blood pressure apparatus, serum blood 
glucose test, renal function testing, 
intravenous saline, infusion kit for IV fluids, 
insulin, glucose injection solution

Serum glucose, metformin or glibenclamide

Epilepsy Diazepam injectable Diazepam tablet or phenobarbitone or 
carbamazepine**

Injury / Acute Minor 
Surgical Conditions

Needle holder, scalpel handle and blades, 
retractor, surgical scissors, nasogastric tube, 
tourniquet, oxygen, skin disinfectant, suture, 
ketamine, lidocaine (5%)

Pain Care Oral morphine, injectable morphine or injectable 
pethidine, one non-opioid analgesic (paracetamol, 
ibuprofen, aspirin, or diclofenac)

220 *We did not make a determination about whether the appropriate ultrasound probes were available for heart failure diagnostic purposes, 
221 only whether there was any functional ultrasound machine. **Epilepsy chronic care not included in results—availability of tablets not 
222 included on survey in most countries.

223
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224 To examine a potential association between the availability of NCDI medications and equipment with the 

225 prevalence of extreme poverty in sub-national regions, we used a modified version of the Multidimensional 

226 Poverty Index from the Oxford Poverty and Human Development Initiative (Appendix Tables 3 & 4).[8]  We 

227 counted the number of the individual components across our disease-related sets of medications and 

228 equipment (Table 1) that were available on the day the survey was conducted at each facility, de-duplicating 

229 items in multiple sets. We assessed the association between the logit-transformed proportion of the total items 

230 available in a public first-referral level hospital and the prevalence of extreme poverty in the subnational unit 

231 (district or region) where the hospital was located using linear regression. We conducted regressions 

232 separately for each country to account for likely differences in governance and health systems.  We used 

233 different regression specifications to assess the association between the availability of equipment and 

234 medications and the prevalence of extreme poverty. In one model specification, we used the prevalence of 

235 extreme poverty as a continuous variable, assuming a linear association.  For possible nonlinear association, 

236 we additionally used model specifications categorizing extreme poverty prevalence into categorical groups 

237 by quartiles and by evenly spaced ranges of prevalence in each country.  We also examined the association 

238 between the density of public first-referral level hospitals and hospitals per population in subnational areas 

239 with the prevalence of extreme poverty using linear regressions, accounting for country differences.  Full 

240 details for these analyses are described in the appendix.

241 Data cleaning, formatting, and preparation were conducted using Stata/IC 15.1 (StataCorp, College Station, 

242 Texas), and tabulations and regressions were conducted using R version 3.5.1 (the R Foundation for 

243 Statistical Computing).

244 Patient and Public Involvement

245 This research study was conducted without patient or public involvement in the design, execution, or 

246 dissemination of the study. 

247
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248 Results

249 Overall, of the 9,375 heath facilities across the eight countries which were surveyed, we identified 797 public 

250 first-referral level hospitals. Table 2 shows the availability of sets of equipment and medications for 

251 condition-specific acute care services, including surgery. The availability at these facilities of the complete 

252 set of essential equipment and medications needed for diagnosis and chronic care of specific conditions is 

253 shown in Table 3.

254

255 Table 2. Availability of complete essential equipment and medications for acute presentations of 
256 NCDIs at public first-referral level hospitals in eight low-income countries

257
Percent of Facilities with Available Medications and Equipment, % (95% CI)

Bangladesh 
(n=140)

The Democratic 
Republic of the 
Congo† (n=283)

Ethiopia 
(n=117)

Haiti 
(n=25)

Malawi 
(n=43)

Nepal 
(n=76)

Senegal‡ 
(n=37)

Tanzania 
(n=76)

Acute Asthma 0 
(0,3)

1 
(1,2)

0 0 0 4 0 0 

Functional X-Ray Machine 24 
(17,31)

31
(29,33)

64 52 51 86 78 70

Hydrocortisone Injection 47 
(39,54)

82
(81,84)

68 52 26 78 67 80

Micronebulizer in NCD or 
General Outpatient Area

59 
(52,67)

6 
(5,7)

6 20 21 37 54 4

Oxygen Availability (cylinder or 
concentrator, plus distribution) in 
NCD or General Outpatient Area

54
(47,62)

10 
(9,11)

14 28 12 12 46 4 

Peak Flow Meter in NCD or 
General Outpatient Area

25 
(19,33)

3 
(2,4)

8 16 5 30 33 7 

Prednisolone 20 
(14,27)

50 
(47,53)

89 52 77 50 0 76

Pulse Oximeter in NCD or 
General Outpatient Area

29 
(22,36)

11 
(9,13)

14 8 21 30 52 11 

Salbutamol Inhaler 19 
(14,26)

38 
(35,41)

82 48 58 91 48 33

Acute Diabetes 0 
(0,3)

6 
(5,7)

5 4 26 0 0 17 

Blood Glucose Test Equipment 27 
(21,34)

77 
(75,79)

85 40 56 20 9 63

Blood Pressure Apparatus in 
NCD or General Outpatient Area

99 
(93,100)

98 
(98,99)

95 96 79 97 87 84 

Infusion Kit for IV Fluids in NCD 
or General Outpatient Area

57 
(49,64)

45 
(43,48)

34 32 81 38 8 70 

Injectable Glucose 11 
(7,18)

70 
(67,73)

24 40 98 92 91 62 

Injectable Saline Solution 72 
(64,78)

69 
(67,72)

96 52 91 95 82 92 

Insulin 1 
(0,4)

48 
(46,51)

79 12 58 12 51 89

Liver and Kidney Function 
Diagnostics (Creatinine, 
Electrolytes)

11 
(7,17)

24 
(22,26)

47 60 40 38 93 74

Acute Epilepsy 49 
(42,57)

81 
(78,82)

91 40 95 72 85 91

Diazepam Injection 49 81 91 40 95 72 85 91
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(42,57) (78,82)
Injuries / Acute Minor Surgical 
Conditions *

NA 2 
(2,3)

5 0 0 4 2 1 

Ketamine in Minor Surgical Area NA 76 
(74,78)

61 20 37 24 3 49

Lidocaine in Minor Surgical Area NA 80 
(77,83)

97 92 95 93 82 99

Nasogastric Tubes in Minor 
Surgical Area

NA 43 
(41,46)

66 40 14 41 23 30

Needle Holder in Minor Surgical 
Area

NA 98 
(97,98)

97 92 100 97 97 95

Oxygen Availability (cylinder or 
concentrator, plus distribution) in 
NCD or General Outpatient Area

54 
(47,62)

10 
(9,11)

14 28 12 12 46 4 

Retractor in Minor Surgical Area NA 85 
(84,86)

84 40 44 49 24 41

Scalpel in Minor Surgical Area NA 86 
(83,88)

92 40 74 86 73 78 

Skin Disinfectant in Minor 
Surgical Area

NA 97 
(96,97)

99 88 84 95 97 92

Surgical Scissors in Minor 
Surgical Area

NA 99 
(99,99)

97 96 88 95 98 91

Sutures in Minor Surgical Area NA 85 
(83,87)

93 68 93 78 55 92

Tourniquet in Minor Surgical 
Area

NA 25 
(23,27)

54 68 26 67 94 34 

258 NA = No data available or >10% missing data
259 Numbers reported % (95% confidence interval). Uncertainty not reported for surveys that were intended to include complete census of 
260 facilities (all except Bangladesh and the Democratic Republic of the Congo). 
261 †Democratic Republic of the Congo estimates are reported for non-tertiary, non-provincial-level public hospitals
262 ‡Senegal data did not allow for separation of first-referral and higher level hospitals, results reported here for all public hospitals
263 *Most surgical equipment items are missing data in 5-10% of facilities in Haiti, Malawi, and Senegal. Percentages reported in this table 
264 exclude facilities with missing data for a given indicator. Overall percentage of surgical medications and equipment availability 
265 unaffected by these missing data, as oxygen unavailable in these missing cases, making overall surgical set unavailable.
266
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301 Table 3.  Availability of complete essential equipment and medications for chronic care of NCDI 
302 conditions at public first-referral level hospitals in eight low-income countries 

303
Percent of Facilities with Available Medications and Equipment, % (95% CI)

Bangladesh 
(n=140)

The Democratic 
Republic of the 
Congo† (n=283)

Ethiopia 
(n=117)

Haiti 
(n=25)

Malawi 
(n=43)

Nepal 
(n=76)

Senegal‡ 
(n=37)

Tanzania 
(n=76)

Asthma 0 
(0,3)

1 
(1,2)

7 4 5 5 0 0 

Beclomethasone Inhaler 5 
(2,10)

2 
(1,2)

8 8 5 9 3 0 

Prednisolone 20 
(14,27)

50 
(47,53)

89 52 77 50 0 76 

Salbutamol Inhaler 19 
(14,26)

38 
(35,41)

82 48 58 91 48 33 

Stethoscope in NCD or General 
Outpatient Area

100 
(98,100)

98 
(97,98)

99 96 95 99 83 96 

Hypertension (Stage 1 or 2) 31 
(24,39)

28 
(25,30)

83 76 44 45 38 70 

At Least Two of: Calcium 
Channel Blocker, ACE inhibitor, 
Thiazide, Atenolol

33 
(26,40)

28 
(26,30)

89 84 53 46 48 83 

Blood Pressure Apparatus in 
NCD or General Outpatient 
Area

99 
(93,100)

98 
(98,99)

95 96 79 97 87 84 

Stethoscope in NCD or General 
Outpatient Area

100 
(98,100)

98 
(97,98)

99 96 95 99 83 96 

Hypertension Requiring 3 Anti-
hypertensive Classes

6 
(3,12)

9 
(8,10)

64 56 26 12 2 51 

At Least Three of: Calcium 
Channel Blocker, ACE inhibitor, 
Thiazide, Atenolol

8 
(5,14)

9 
(8,10)

69 60 28 12 2 57 

Blood Pressure Apparatus in 
NCD or General Outpatient 
Area

99 
(93,100)

98 
(98,99)

95 96 79 97 87 84 

Stethoscope in NCD or General 
Outpatient Area

100 
(98,100)

98 
(97,98)

99 96 95 99 83 96 

Hypertension Requiring 4 Anti-
hypertensive Classes

2 
(1,7)

2 
(1,3)

34 20 12 0 0 9 

All of: Calcium Channel 
Blocker, ACE inhibitor, 
Thiazide, Atenolol

3 
(1,7)

2 
(1,3)

34 20 12 0 0 14 

Blood Pressure Apparatus in 
NCD or General Outpatient 
Area

99 
(93,100)

98 
(98,99)

95 96 79 97 87 84 

Stethoscope in NCD or General 
Outpatient Area

100 
(98,100)

98 
(97,98)

99 96 95 99 83 96

Heart Failure 1 
(0,5)

6 
(5,7)

26 8 12 0 5 32 

Adult Scale in NCD or General 
Outpatient Area

84 
(77,89)

97 
(96,97)

71 84 72 95 74 86 

Atenolol or other Beta-blocker 55 
(47,62)

10 
(9,11)

69 56 21 57 5 70 

Blood Pressure Apparatus in 
NCD or General Outpatient 
Area

99 
(93,100)

98 
(98,99)

95 96 79 97 87 84 

Captopril, Enalapril, or other 
ACE inhibitor

14 
(9,21)

38 
(35,40)

80 88 49 0 71 78 

Furosemide 22 
(16,29)

84 
(81,86)

92 64 63 93 86 78 

Stethoscope in NCD or General 
Outpatient Area

100 
(98,100)

98 
(97,98)

99 96 95 99 83 96 

Ultrasound Equipment 5 
(2,9)

62 
(59,64)

57 52 51 62 8 68 

Rheumatic Heart Disease 0 
(0,0)

2 
(2,3)

19 0 9 NA 0 23 
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Essential Heart Failure 
Medications and Equipment

1 
(0,5)

6 
(5,7)

26 8 12 0 5 32 

Benzathine Penicillin 14 
(9,21)

53 
(50,56)

87 36 100 NA 53 82 

Oral Penicillin* NA NA NA NA NA NA NA NA
Injectable Epinephrine 2 (1,5) 29 (27,32) 70 8 88 63 56 75 
Type 1 Diabetes 1 

(0,4)
38 
(36,41)

70 8 44 3 5 58 

Blood Glucose Test Equipment 27 
(21,34)

77 
(75,79)

85 40 56 20 9 63 

Insulin 1 
(0,4)

48 
(46,51)

79 12 58 12 51 89 

Type 2 Diabetes 9 
(5,14)

40 
(37,42)

75 32 42 14 3 57 

Blood Glucose Test Equipment 27 
(21,34)

77 
(75,79)

85 40 56 20 9 63 

Metformin or Glibenclamide 27 
(21,35)

49 
(46,51)

86 76 58 61 34 88 

Pain Care NA NA NA NA 58 NA NA 54 
Injectable Morphine or 
Pethidine

NA NA NA NA 58 NA NA 54

Oral Pain Medication 
(Paracetamol, Ibuprofen, 
Aspirin, or Diclofenac)

100 
(97,100)

100
(97,100)

100 100 100 99 NA 100

304
305 NA = No data available or >10% missing data
306 Numbers reported % (95% confidence interval). Uncertainty not reported for surveys that were intended to include complete census of 
307 facilities (all except Bangladesh and the Democratic Republic of the Congo). 
308 †Democratic Republic of the Congo estimates are reported for non-tertiary, non-provincial-level public hospitals
309 ‡Senegal data did not allow for separation of first-referral and higher level hospitals, results reported here for all public hospitals
310 * For oral penicillin, question not asked on most surveys (Tanzania, Senegal, Nepal, Haiti) and high missingness proportion in 
311 Bangladesh and Malawi. We therefore do not report proportions here. For creating rheumatic heart disease combined set, it did not affect 
312 results, as only 1 facility had missing data for oral penicillin when other necessary components available (heart failure set, epinephrine)
313
314
315

316

317

318

319

320

321

322

323
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324 Overall, medication and equipment availability was highest for acute management of epileptic seizures with 

325 diazepam (ranging between 40 and 95% in countries), followed by chronic care of stage 1 to 2 hypertension 

326 (ranging between 28 and 83%), although this declined with hypertension requiring more classes of 

327 medications (ranging between 0 and 34% for 4 classes of medications) (Figure 1). Medication and equipment 

328 availability was low both for type 2 diabetes (requiring only oral medications) as well as type 1 diabetes 

329 requiring insulin.  Availability was particularly low for management of acute presentations of diabetes such 

330 as diabetic ketoacidosis requiring intravenous fluids and monitoring of blood chemistries. Availability of 

331 essential equipment and medications for both acute and chronic presentations of asthma was extremely low 

332 in part due to the absence of beclomethasone inhalers at most facilities. Few hospitals had equipment or 

333 medications needed to diagnose and manage heart failure and rheumatic heart disease, which required 

334 ultrasound equipment. Essential surgical supplies were missing at most hospitals. Most countries had 

335 insufficient data to report on the availability of adequate medications to provide treatment of chronic pain.

336 Notably, there was much lower observed availability of essential medications or equipment for NCDIs than 

337 the self-reported availability of services for these conditions by the facility (Table 4).  For chronic respiratory 

338 diseases, across six countries (not collected in Bangladesh or Malawi), over 75% of public first-referral 

339 hospitals reported diagnosis and management services, though fewer than 7% had the essential medications 

340 and equipment available for chronic asthma care and fewer than 4% for care of acute asthma exacerbations. 

341 Similarly, at least 66% of public first-referral hospitals in each country reported availability diagnostic and 

342 management services for diabetes, with the exceptions of Bangladesh (43%) and Malawi, where diagnosis 

343 or management was reported in 84% of these hospitals. Compared to this reported service provision, 

344 availability of essential medications and equipment were lower for type 1 diabetes (1.3-70.1%), type 2 

345 diabetes (3.3-75.2%), and acute care for diabetic ketoacidosis (0-25.6%).  Between 48.8% and 94.3% of the 

346 hospitals reported availability of diagnostic and management services for cardiovascular diseases, though 

347 availability of essential medications and equipment were lower for hypertension (27.7-82.9%), heart failure 

348 (0-31.6%), and rheumatic heart disease (0-22.9%).

349

350
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351 Table 4. Observed equipment and medication availability for selected NCDIs compared to self-
352 reported service availability at public first-referral hospitals

Percent of Facilities with Available Medications and Equipment, % (95% CI)
Bangladesh 
(n=140)

The 
Democratic 
Republic of 
the Congo† 
(n=283)

Ethiopia 
(n=117)

Haiti 
(n=25)

Malawi‡ 
(n=43)

Nepal 
(n=76)

Senegal* 
(n=37)

Tanzania 
(n=76)

Self-reported 
Diagnosis and 
Management

Chronic Respiratory 
Disease

NA 87 
(85,89)

95 96 93‡ 96 92 75

Asthma 0 
(0,3)

1 
(1,2)

7 4 5 5 0 0 Observed 
Medication and 
Equipment 
Availability

Asthma Acute Care 0 
(0,3)

1 
(1,2)

0 0 0 4 0 0 

Self-reported 
Diagnosis and 
Management

Diabetes 43 
(36,51)

89 
(87,90)

83 92 84‡ 84 86 75 

Diabetes Type 1 1 
(0,5)

38 
(36,41)

70 8 44 3 5 58 

Diabetes Type 2 9 
(5,15)

40 
(37,42)

75 32 42 14 3 57 

Observed 
Medication and 
Equipment 
Availability

Diabetes Acute Care 0 
(0,3)

6
(5,7) 

5 4 26 0 0 17 

Self-reported 
Diagnosis and 
Management

Cardiovascular Disease 49 
(41,56)

94 
(93,95)

93 92 98‡ 91 92 73 

Hypertension Stage 1 or 2 31 
(24,39)

28 
(25,30)

83 76 44 45 38 70 

Heart failure 1 
(0,5)

6 
(5,7)

26 8 12 0 5 32 

Observed 
Medication and 
Equipment 
Availability

Rheumatic Heart Disease 0 
(0,3)

2 
(2,3)

19 0 9 NA 0 23 

353 NA = No data available
354 Numbers reported % (95% confidence interval). Uncertainty not reported for surveys that were intended to include complete census of 
355 facilities (all except Bangladesh and the Democratic Republic of the Congo). 
356 †Democratic Republic of the Congo estimates are reported for non-tertiary, non-provincial-level public hospitals
357 ‡Malawi only reported Diagnosis or management instead of Diagnosis and management for self-reported measures
358 *Senegal data did not allow for separation of first-referral and higher level hospitals, results reported here for all hospitals
359
360
361

362

363

364

365

366
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367 There was inconsistency in associations between availability of medications and equipment in public first-

368 referral hospitals and prevalence of extreme poverty in corresponding sub-national units, both across 

369 countries and between regression approaches (Appendix Figure 1 and Appendix Tables 5 and 6). For example, 

370 there was a negative association in Bangladesh and the DRC, while there was a positive association in 

371 Ethiopia and Haiti.  These findings also varied across model specifications.  The method for grouping 

372 hospitals based on prevalence of extreme poverty in sub-national areas affected the estimates of association.  

373 Full regression results are shown in appendix Tables 5 and 6.  The density of public first-referral level 

374 hospitals per population did not vary by poverty prevalence, though there was evidence that the density of 

375 hospitals overall as lower in poorer sub-national areas.

376 Discussion

377 Our findings demonstrate that availability of essential equipment and medications for acute and chronic 

378 services for NCDI conditions across LICs remains extremely low at public first-referral level hospitals.   

379 Furthermore, the availability of essential equipment and medications for NCDI services is much lower than 

380 facility-reported management and diagnosis of chronic respiratory diseases, diabetes, and cardiovascular 

381 diseases.  Although we found some evidence of associations, both positive and negative, between availability 

382 of essential equipment and medications at a public first-referral level hospital and the prevalence of extreme 

383 poverty in the corresponding sub-national area, results were inconsistent. 

384 Facilities included in this study were more equipped to provide services for the treatment of stage 1 and 2 

385 hypertension as compared to other more complex conditions.  Previous facility assessments have 

386 demonstrated similar levels of medication availability for HTN treatment in low-income countries,[17,18] 

387 and significantly lower availability as compared to high-income countries.[19]  The low availability of 

388 essential medications and equipment likely contributes to low overall coverage of services for hypertension.  

389 The Lancet Commission on Hypertension reported that for countries in sub-Saharan Africa (SSA) with 

390 household level surveys, over half of hypertensive adults had not been diagnosed, and treatment coverage 

391 was low, ranging from 7-61%.[20]  Effective coverage was even lower, ranging from 1-31%.[20]  

392 Systematic reviews of heart failure in LICs have identified a high burden of non-ischemic heart failure and 

393 high utilization of diuretic therapy, though have not assessed systems readiness or medication 
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394 availability.[21,22]  One study utilizing a health facility assessment of hospitals in Kenya and Uganda 

395 reported higher availability of beta-blockers (98% and 92%, respectively) and furosemide (98% and 94%, 

396 respectively), but similar availability of ultrasound equipment and ACE-inhibitors, as compared to that found 

397 in our study.[23]  The availability of ultrasound has remained a limiting factor for the diagnosis and 

398 monitoring of heart failure and has been a focus of health systems diagnostic improvements and training in 

399 LICs.[23]  Availability of equipment and medications was similarly low for outpatient management of RHD, 

400 a common cause of heart failure in LICs.  Availability of benzathine penicillin for primary and secondary 

401 RHD prophylaxis was highly limited across most countries.  Although no detailed health facility reports exist 

402 for the availability of benzathine penicillin at primary health facilities across LICs, there have been global 

403 concerns for the availability and quality of this essential medication.[24]

404 Our findings of availability of medications and equipment for diabetes services are consistent with previous 

405 reports of low availability of services and low coverage of diabetes services in low-income countries.  In a 

406 group of 12 countries in SSA, only 22% of eligible individuals had received blood glucose measurement.[25]  

407 Of those meeting biochemical criteria for diabetes, only 36% had previously received blood glucose 

408 measurement, 27% had been previously diagnosed, 25% were taking oral diabetes therapy, and 11% were 

409 taking insulin.[25]

410 The availability of medications or services for asthma and other chronic respiratory diseases has not been 

411 well studied in low-income settings.  Inhaled beta agonists, inhaled corticosteroids, and systemic 

412 corticosteroids have more recently been included on lists for essential medicines in low-income countries, 

413 and price fluctuations have created a wide range of affordability for these medications.[26]  

414 Care for chronic epilepsy has traditionally been lacking in resource-poor settings.[27]  Despite the availability 

415 of benzodiazepines for acute management of seizures at the inpatient level, the management of chronic 

416 epilepsy and seizure prophylaxis is highly lacking. The SPA survey collects information on a limited number 

417 of medications that are used for daily prophylaxis of seizures in epileptic disorders and most countries did 

418 not include this in their surveys (only Nepal collected data on carbamazepine and phenobarbital).  Others 

419 have reported the lack of coverage data, and the highly vulnerable characteristics of patients with epilepsy 

420 contribute to poor access to care, utilization of available services, and poor overall coverage, resulting in high 
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421 morbidity and mortality from epilepsy.[28]  The availability of second-line medications or intensive care for 

422 refractory seizures was not available.   

423 The extremely low availability of surgical equipment and medications for care of injuries and acute minor 

424 surgical conditions is consistent with previous reports.[29] Recent modeling estimates have suggested that 

425 coverage of adequate surgical services in SSA and South Asia is less than 5% with sporadic and variable 

426 availability of individual tracer items.[30]  The ability of surgical interventions to offer one-time curative 

427 treatment leads to the high cost-effectiveness and financial risk protection offered by surgical interventions 

428 in low-income health systems.[31]  Additionally, there is limited data collected in the SPA survey regarding 

429 the availability of palliative care services or essential medications, and the data collected was limited only to 

430 medications for pain, such as analgesics and opiates. The availability of injectable morphine was collected 

431 in only three of the eight countries and availability of oral morphine in only two of the eight countries. This 

432 is consistent with the dearth of development in palliative care policies and implementation in low-income 

433 countries, particularly in SSA and a dramatic gap in the availability of morphine and other essential 

434 medications for palliative care.[32,33]

435 Countries did vary in their level of availability of essential equipment and medications for the conditions 

436 analyzed.   Senegal displayed consistently lower rates of availability of equipment and medications than the 

437 other countries.  In contrast, Ethiopia and Tanzania displayed considerably higher rates than other countries 

438 across many conditions, including most notably for hypertension, diabetes care and heart failure.  In these 

439 two countries there was a relatively early recognition and coordinated approach to NCDs, including strategic 

440 and costed operational planning, strong civil society engagement and leadership, progressive outreach from 

441 well-established tertiary centers, and a strong and well-organized primary care network.[34,35] 

442 This study has several limitations.  First, the essential equipment and medications for NCDI services defined 

443 here does not include presence of well-trained and supervised human resources, a cornerstone for healthcare 

444 delivery and one that has been well-established to be lacking for NCDs in SSA.[36] The availability of 

445 essential equipment and medications presented in this analysis may therefore overestimate the overall service 

446 availability for the corresponding condition.  Second, certain equipment and medications may have been 

447 observed within the health facility, but these items may not necessarily be accessible to the unit providing 
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448 NCDI services within the facility (i.e., ultrasound may be reserved for obstetrics) or affordable by the patients. 

449 We minimized this possibility by including equipment and medications from general outpatient, NCD, and 

450 minor surgical areas. Additionally, medication availability may fluctuate; however, the date of data collection 

451 is randomly assigned and should not bias our findings. Third, the components of these sets of equipment and 

452 medications may not be comprehensive of all items needed for care associated with each disease condition, 

453 but rather represent a core number of elements measured within the available survey tools.  Fourth, 

454 availability of supplies and equipment is not always associated with quality care.[37]  While there are no data 

455 available capturing nationally representative observations of the quality of NCDI services, previous studies 

456 in the field of maternal and child health suggest that poor quality care can exist even in the presence of 

457 necessary supplies.[38]    Fifth, there is some incomplete data for specific disease conditions in certain 

458 countries reflecting adaptation of the SPA questionnaire by country teams.  Sixth, the year of survey data 

459 collection varied amongst countries, which may limit direct comparison, and the results may underestimate 

460 current levels of availability if substantial improvements have been made following the data collection period, 

461 particularly in countries with older surveys.  Finally, the level of geographical specificity for extreme poverty 

462 prevalence estimates limited the design of the analysis examining associations between poverty and the 

463 availability of medications and equipment. Further study is warranted, both with more specific data about 

464 populations in de facto catchment areas of facilities and process information about how factors like supply 

465 chains and planning affects variation in availability across facilities.

466 Our findings have several implications to improve service availability of NCDIs in LICs.  There is a need to 

467 prioritize decentralization of a broad set of cost-effective and equitable interventions at first-referral level 

468 hospitals to increase care availability.  Such interventions may include those typically confined to referral 

469 and university teaching hospitals and densely populated urban areas, such as chronic care delivery for severe 

470 NCDIs including heart failure, type 1 diabetes, advanced asthma, and palliative care.  Our finding that the 

471 density of hospitals per population is lower in poorer subnational areas, while the distribution of first-referral 

472 hospitals is more equitable, suggests that decentralization of services can create more equitable access. 

473 Collaborations to develop such service packages have recently been launched.[39] Several studies have 

474 reported promising outcomes for task-shifting and task sharing of essential NCD services to support 

475 decentralization and increase availability of such services.[40–42]  Integration of NCD services with existing 

Page 21 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

20

476 HIV and MCH services has been suggested as a cost-effective and important step towards increasing the 

477 availability of services in a universal health coverage (UHC) package, particularly at the primary care 

478 level.[43]  Coordination of governance and policy making for NCDI health sector interventions would also 

479 provide opportunities for integration of staff, training, guidelines, and supply chains required for adequate 

480 service delivery.[44]  Health financing for integrated platforms of NCDI service delivery within a UHC 

481 framework will be essential to improve basic availability of services.  A high priority package for essential 

482 interventions for NCDIs within UHC has been proposed, and may provide reasonable cost estimates required 

483 to increase coverage of health sector services for NCDIs, including cross-cutting approaches to mental health, 

484 surgery, palliative care, and rehabilitation.[5]  

485 The strengthening of health facility monitoring, and extension of core NCDI indicators is highly needed.[45]  

486 Although some readiness indices exist within standardized surveys, such as SPA and the Service Availability 

487 and Readiness Assessment (World Health Organization), these are typically limited to outpatient 

488 management of hypertension, type 2 diabetes, and asthma.  These surveys do not measure readiness for acute 

489 complications or inpatient needs, rely in part on reported (rather than observed) measures, and do not identify 

490 minimum requirements for service delivery.  An appropriate monitoring framework for NCDIs will need to 

491 include a greater number of tracer items that reflect current clinical guidelines, other NCDI conditions 

492 currently not represented in existing monitoring frameworks but represent a large burden of disease (i.e., 

493 cancer, epilepsy, mental health, renal failure, liver cirrhosis, palliative care surgical services), and domains 

494 such as organization, management, access, availability, and quality of effective services.[46] Additional 

495 examination of costing data, procurement processes, and the supply chain could identify the drivers of 

496 stockouts.  

497 Our findings demonstrate variable but overall low availability of the minimum required equipment and 

498 medications to provide adequate diagnostic and therapeutic interventions for nine chronic conditions and four 

499 acute presentations of chronic conditions at first-referral level hospitals in eight LICs in three different 

500 regions.  This observed availability of medications and equipment is substantially lower than self-reported 

501 diagnosis and management of chronic diseases by facilities in these countries.  The provision of cost-effective 

502 and equitable health sector interventions for the diagnosis and management of both acute and chronic 
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503 presentations of NCDIs are highly needed at first-referral level hospitals in LICs.  The strengthening of these 

504 services through the public sector can help keep patients from facing high costs for medicines and procedures.  

505 There is a need for progressive decentralization of services for these conditions to first-referral level facilities, 

506 integration of such services in existing platforms of care, and improved assessment and monitoring of 

507 delivery of services in LICs to fully achieve targets established for UHC.

508
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665 Figure 1.  Availability of complete essential equipment and medications for acute presentations and 
666 chronic care of NCDI conditions at public first-referral level hospitals in eight low-income countries 

667 CRD=Chronic respiratory disease, CVD=Cardiovascular disease, RHD=Rheumatic heart disease, 
668 HTN=Hypertension
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Supplementary appendix 

Appendix Table 1: Summary of Service Provision Assessments and facilities included in data analysis 

 Facilities 
Included in 
Analysis 

Census or 
Sample of 
First-Referral 
Hospitals 

Number of 
Surveyed 
Public 
Hospitals of 
Selected 
Level 

Number of 
Surveyed 
Private 
Hospitals 
of Selected 
Level 

Facilities 
not 
Surveyed of 
Selected 
Level 

Number of Total Hospitals of 
Level of Interest in the 
Country, Private and Public 
(from SPA report) 

Population[1] Implied Catchment Size 
for Public and Private 
Facilities at Selected 
Level 
(facilities/population) 

Catchment Size 
Described in 
Report 

Bangladesh 
(2014)[2] 

Public upazila 
health 
complexes 

Sample 140 0 285 425 upazila health complexes, 
53 district hospitals 

159,405,279 
(2014) 

Upazila health complexes 
(375,000), district 
hospitals (3 million) 

Not described 

The 
Democratic 
Republic of 
the Congo 
(2017-
18)[3] 

Public non-
tertiary, non-
provincial 
hospitals 

Sample 
(includes 
>90% of 
general 
referral 
hospitals) 

283 200 491 of 524 
general 
referral 
hospitals 
selected for 
sample* 

524 referral hospitals (includes 
tertiary/provincial/national, 
report does not separate) 

84,004,989 
(2018) 

All referral hospitals 
(160,000), non-
tertiary/provincial referral 
hospitals (~165,000-
175,000) 

Not described 

Ethiopia 
(2014)[4] 

Public primary 
hospitals and 
general 
hospitals 

Census 117 65 8 56 primary hospitals, 134 
general hospitals 

97,366,774 
(2014) 

Primary hospitals (1.7 
million), General hospitals 
(727,000), Combined 
(512,000) 

Targets: Primary 
hospital (60,000-
100,000), 
General hospital 
(1-1.5 million) 

Haiti 
(2013)[5] 

Public 
community 
referral 
hospitals 

Census 25 15 ** 121 hospitals (includes other 
types, report does not separate), 
40 community referral 
hospitals in dataset (census) 

10,431,776 
(2013) 

Community referral 
hospitals (261,000) 

Not described 

Malawi 
(2013)[6] 

Public district 
hospitals and 
rural/community 
hospitals 

Census 43 22 ** 119 hospitals (includes other 
types of hospitals, report does 
not separate); 65 district and 
rural/community hospitals in 
dataset (census) 

16,577,147 
(2013) 

District and 
rural/community hospitals 
combined (255,000) 

Not described 

Nepal 
(2015)[7] 

Public district 
hospitals 

Census 76 0 0 76 district hospitals 28,656,282 
(2015) 

District hospitals 
(377,000) 

Not described 
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 Facilities 
Included in 
Analysis 

Census or 
Sample of 
First-Referral 
Hospitals 

Number of 
Surveyed 
Public 
Hospitals of 
Selected 
Level 

Number of 
Surveyed 
Private 
Hospitals 
of Selected 
Level 

Facilities 
not 
Surveyed of 
Selected 
Level 

Number of Total Hospitals of 
Level of Interest in the 
Country, Private and Public 
(from SPA report) 

Population[1] Implied Catchment Size 
for Public and Private 
Facilities at Selected 
Level 
(facilities/population) 

Catchment Size 
Described in 
Report 

Senegal 
(2016-
17)[8] 

Public hospitals Continuous 
SPA, 
essentially a 
census with 2 
combined 
years 

37 33 *** 68 hospitals  15,850,567 
(2017) 

Hospitals (233,000) Public hospitals 
(423,000) 

Tanzania 
(2014-
15)[9] 

Public district 
hospitals and 
district 
designated 
hospitals 

Census 76 20 ** 265 hospitals (includes other 
types of hospitals, report does 
not separate); 96 district and 
district designated hospitals in 
dataset (census) 

53,879,957 
(2015) 

District hospitals and 
district designated 
hospitals (561,000) 

Not described 

*Calculation not possible with facility types in report table—some of the 524 hospitals include tertiary/provincial hospitals 
**Calculation not possible with facility types in report table, but total number in dataset should be close to total since hospital sample was census  
***Calculation not possible with Senegal survey combined from two years, but should be close to facility census combining the surveys 

For 95% confidence intervals for estimates from countries without censuses of facilities, we used finite population corrections. In Bangladesh, we knew that there 
were 425 total facilities of interest, of which 140 were surveyed, so we corrected using 425 as the total population. In the DRC, tables in the SPA report gave total 
numbers of general referral hospitals but not the specific type of interest to us. The dataset allowed us to exclude tertiary/provincial hospitals, but we were not able 
to obtain the exact number of public first-referral hospitals. In the sample, there were 283 hospitals we included in the analysis. We know that 491 out of 524 
hospitals (including private) were selected for the sample, so 33 were not included. Conservatively, no more than 316 (283+33) facilities could be in the population 
of hospitals of interest. We used this number for the finite population correction as a conservative cap (confidence intervals are therefore conservatively large.
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Appendix Table 2: Variables excluded from Service Provision Assessment surveys or with >10% 
missing data, by country 

Country Variables not included in survey Variables with >10% missing data 

Bangladesh All surgical equipment, oral morphine Oral penicillin, injectable morphine, 
injectable pethidine 

The Democratic 
Republic of the 
Congo 

Injectable morphine/pethidine, oral morphine  

Ethiopia Oral penicillin, oral morphine  

Haiti Oral penicillin, injectable morphine/pethidine, oral 
morphine 

Some surgical equipment 

Malawi - Oral penicillin 

Nepal Oral penicillin, benzathine penicillin, injectable 
morphine/pethidine, oral morphine 

 

Senegal Oral penicillin, injectable morphine/pethidine, oral 
morphine 

Analgesics 

Tanzania Oral penicillin Oral morphine 

*variables asked in only one country include: phenobarbitone tablets (Nepal), diazepam tablets (Bangladesh), 
carbamazepine tablets (Nepal) 
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Appendix Table 3: Indicators in modified Multi-dimensional Poverty Index 

Dimension  Indicator  Deprivation cut-off  

Education  Schooling No household member has completed five years of schooling 

Attendance  Any school-aged child in the household is not attending school up to class 8 

Standard of 
living  

Electricity  The household has no electricity 

Sanitation  The household’s sanitation facility is not improved or it is shared with other 
households 

Water  The household does not have access to safe drinking water or safe water is more than 
a 30-minute walk, round trip 

Floor The household has a dirt, sand, or dung floor 

Cooking fuel  The household cooks with dung, wood, or charcoal 

Assets The household does not own more than one of the following: radio, TV, telephone, 
bike, motorbike, or refrigerator; however, if the household owns a car or truck, they 
do not count as deprived in this category 
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Appendix Table 4: Source of data for Multi-dimensional Poverty Index, by country  

Country Poverty Index 
Survey  

Bangladesh DHS 2014 

The Democratic Republic of the 
Congo 

DHS 2013-14 

Ethiopia DHS 2011* 

Haiti DHS 2012* 

Malawi DHS 2015-16 

Nepal MICS 2014 

Senegal DHS 2015* 

Tanzania DHS 2015-16 

*More recent DHS 2016 available. Estimates do not reflect these new datasets. 
Differences in year between poverty and SPA surveys in each country are 3 years or fewer (DRC 3-4 years) 
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Subnational poverty, hospital density, and availability of services. 

Poverty and service availability 

We defined the prevalence of extreme poverty using a modified version of the Multidimensional Poverty 
Index.[10] We defined extreme poverty using 5 of 8 deprivations (Appendix Table 3). Using household 
survey data from recent surveys (Appendix Table 4), we found the proportion of the population in districts 
or regions that met this definition of extreme poverty.  

To assess whether there might be an association between poverty prevalence in the subnational areas in which 
hospitals are located and the availability of medications and equipment at these hospitals, we conducted 
country-specific regressions using two different specification strategies.  

In our construction of the sets of medication and equipment, there was information loss because the absence 
of one item made the whole set unavailable. To include this information in our assessment of the possible 
association between poverty and availability of medications and equipment, we included each of the 
individual items that are part of the various disease-specific sets (main text Table 1), deduplicating the items 
contained in multiple sets. We calculated the percent of the total items available at each facility. This 
proportion, transformed to logit space, was the outcome in both of our regression specifications. 

In the first regression specification, we regressed the logit-transformed proportion of total items available in 
hospitals (h) on the proportion of population living in poverty (% Pop Poverty) in the subnational area (region 
or district) where the hospital is located. We conducted a separate regression for each country because we 
anticipated different associations were possible in different countries based on differences in health systems 
across countries. 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿(% 𝐼𝐼𝐼𝐼𝐼𝐼𝑚𝑚𝑠𝑠 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴)𝑐𝑐,ℎ = 𝛽𝛽1,𝑐𝑐 + 𝛽𝛽2,𝑐𝑐 ∗% 𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑐𝑐,ℎ + 𝜀𝜀𝑐𝑐,ℎ 

The second specification allowed for nonlinear associations between the two variables. We created bins of 
facilities, grouped using cutoffs in the poverty prevalence variable. To illustrate, in a country where hospitals 
were binned into four groups based on poverty prevalence, the groups would be included as “dummy” 
variables (I) as follows, where I2, I3, and I4 represent the second two groups, while the first group is the 
reference group. 

𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿(% 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴)𝑐𝑐,ℎ = 𝛽𝛽1,𝑐𝑐 + 𝛽𝛽2,𝑐𝑐 ∗ 𝐼𝐼2,𝑐𝑐,ℎ + 𝛽𝛽3,𝑐𝑐 ∗ 𝐼𝐼3,𝑐𝑐,ℎ + 𝛽𝛽4,𝑐𝑐 ∗ 𝐼𝐼4,𝑐𝑐,ℎ + 𝜀𝜀𝑐𝑐,ℎ 

We did two sets of regressions using groups created in two different ways—based on the quartiles of poverty 
prevalence and based on dividing the poverty prevalence range of the subnational units in the country into 
four categories evenly spaced on the scale of poverty prevalence. To create the first category, we ranked the 
hospitals by poverty prevalence in the corresponding subnational unit and calculated the cumulative 
proportion of hospitals. We split groups based on the cumulative proportions closest to 25%, 50%, and 75%. 
To create the second category, we subtracted the poverty prevalence in the lowest-poverty area from the 
poverty prevalence in the highest-poverty area. We then divided this range into four even parts and assigned 
hospitals to the four groups using the poverty prevalence in the subnational unit corresponding to the hospital. 
Sometimes, one of the parts of the range did not contain any of the public first-referral level hospitals. For 
instance, in Ethiopia, the ranges were approximately 2.8-23.925%, 23.925-45.05%, 45.05-66.175%, and 
66.175-87.3%, but there were no subnational units with between 45.05% and 66.175% poverty prevalence. 
In cases with no subnational units in a particular quartile, the model simply had fewer categories. Ranges in 
the other countries were as follows: Bangladesh (22.1-26.725%, 26.725-32.25%, 32.25-37.775%, and 
37.775-43.3%), DRC (2.6-24.35%, 24.35-46.1%, 46.1-67.85%, and 67.85-89.6%), Haiti (21.7-33.925%, 
33.925-46.15%, 46.15-58.375%, and 58.375-70.6%), Malawi (21.4-31.675%, 31.675-41.95%, 41.95-
52.225%, and 52.225-62.5%), Nepal (8.7-12.69167%, 12.69167-16.65%, 16.65-20.60833%, and 20.60833-
24.56667%), Senegal (8.7-19.5%, 19.5-30.3%, 30.3-41.1%, and 41.1-51.9%), and Tanzania (16.3-31.45%, 
31.45-46.6%, 46.6-61.75%, and 61.75-76.9%). 

Scatter plots of the percent of items available and the percent of the population in poverty are found in 
Appendix Figure 1. Points on a vertical line indicate facilities located within the same subnational unit. While 
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some subnational units do visually appear to have different average availability than others, there is relatively 
little visual evidence of systematic trends in availability with respect to poverty. Results from the first 
regression specification are in Appendix Table 5. There was a significant association in the Democratic 
Republic of the Congo (p < 0.05) and an association that would meet looser criteria for significance in 
Bangladesh (p < 0.1). The degree of the associations were not too large—they implied differences of 8 
percentage points between the lowest-poverty (2.6%) and highest-poverty (89.6%) units in the Democratic 
Republic of the Congo and 6 percentage points between the lowest-poverty (21.2%) and highest-poverty 
(43.3%) units in Bangladesh, for instance, corresponding to roughly two to four of the 41 items included in 
creating the proportions. The regression coefficients on the poverty term were insignificant in the other 
countries and their point estimates were positive, rather than negative, in all but Nepal. 

Appendix Figure 1: Percent of medication and equipment items available in hospitals and percent of 
the population living in poverty in the region or district of the hospitals, by country 
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Appendix Table 5: Regression results for association between availability of medications and equipment 
at public first-referral level hospitals and poverty in corresponding subnational unit, specification 1 

Country Intercept  
β (SE) 

Logit Poverty Proportion 
β (SE) 

Bangladesh -0.46103 (0.21740)† -0.01428 (0.00743)* 
Democratic Republic of 
the Congo 

0.44823  (0.14464) ‡ -0.00393 (0.00196)† 

Ethiopia 0.43452  (0.41700) 0.00457  (0.00502) 
Haiti -0.30321 (0.36910) 0.00866  (0.00806) 
Malawi -0.05541 (0.55816) 0.00914  (0.01145) 
Nepal 0.57292  (0.19222) ‡ -0.01375 (0.01287) 
Senegal 0.10679  (0.18376) 0.00560  (0.00538) 
Tanzania 0.61029  (0.20044)‡ 0.00048  (0.00351) 

*p < 0.1, †p < 0.05, ‡p < 0.01 

The second set of results, using regressions with hospitals grouped based on ranges of poverty prevalence, 
gave results that were similar in some ways but differed in others. The quartile regression found lower 
availability in the highest-poverty quartile in Bangladesh (p < 0.05), while the regression based on the ranges 
found that the hospitals in the highest poverty range showed lower availability under weaker criteria for 
significance (p < 0.1). In the Democratic Republic of the Congo, the selection of bins made a large difference 
in interpretation. Using quintiles showed lower availability in hospitals in the poverty quintiles above the 
first, while using ranges found higher availability in the third range compared to the first. The plot showed a 
downward trend in availability with poverty in the units with poverty over 50%, but the subnational unit with 
very low poverty created an odd distribution. Similarly, in Ethiopia, the range was made large by few 
hospitals in low-poverty areas, but the specification using quartiles found higher availability in higher-
poverty quartiles (p < 0.01). In Haiti, both methods, but particularly the quartile method, suggested higher 
availability in hospitals in higher-poverty areas. Both methods showed higher availability in the third group 
in Senegal. No association was found in Malawi, Nepal, or Tanzania.  

While both the continuous and binned specifications suggested lower availability in higher-poverty 
subnational units in Bangladesh and the Democratic Republic of the Congo, the story appears more complex. 
The trend in Congo appears to be mostly among the subnational units in higher-poverty areas rather than 
compared to the hospitals in the low-poverty area, evidenced by Appendix Figure 1 and the differing results 
from the bins using the range method rather than the quartile method. Additionally, the binned methods 
suggested availability was higher in high-poverty areas in Haiti and Ethiopia, though somewhat 
inconsistently between the two binning methods. 

From this analysis, we can conclude that there is some evidence for differences in availability of medications 
and equipment across public first-referral level hospitals that may correlate with poverty, though not in a 
consistent manner across countries or across methods of evaluation. There appear to be both positive and 
negative correlations in different locations. More detailed data, for example, relating to poverty in specific 
facility catchment areas, would be necessary to make nuanced claims about inequities in availability of 
medications and equipment. There is variation in availability within subnational units (points oriented 
vertically in Appendix Figure 1), which means that facility catchment area factors, for example, could 
correlate with availability.  Further, to understand the drivers of any patterns, more complex administrative 
data, for instance on supply chains and procurement, would be necessary. 

Poverty and hospital density per population 

Another factor contributing to inequitable access to care for individuals and families living in poverty is 
geographic access to health facilities. The density of health facilities tends to be higher in urban areas for 
many reasons, including availability of human resources and proximity to larger populations. We tested 
whether the density of hospitals per population in subnational areas was associated with the prevalence of 
extreme poverty, both for public first-referral level hospitals and hospitals overall. We excluded Bangladesh 
and the Democratic Republic of the Congo from this analysis. The survey in Bangladesh did not contain a 

Page 38 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

census of first-referral level hospitals, and the survey in the Democratic Republic of the Congo was not as 
close to a complete census as the surveys in the other countries. We totaled the number of first-referral level 
and overall hospitals per subnational area, and calculated the density of hospitals per population. We 
hypothesized that the density of public first-referral level hospitals per population in a subnational area would 
not be associated with subnational poverty because governments tend to distribute these hospitals to have 
relatively consistent catchment areas and to cover the whole population. We hypothesized that the density of 
hospitals overall in a subnational area would be lower in subnational areas with higher poverty because 
hospitals tend to be more concentrated in large urban areas, which tend to have lower poverty prevalence 
than rural areas. We regressed the hospital density per capita in each subnational area (s) on the proportion 
of the population in extreme poverty, pooling countries (c) and including a set of country indicators (I) to 
account for country differences in overall density of facilities.  

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑐𝑐,𝑠𝑠 = 𝛽𝛽1 + 𝛽𝛽2 ∗ % 𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑐𝑐,𝑠𝑠 + 𝛽𝛽3−7 ∗ 𝐼𝐼𝑐𝑐 + 𝜀𝜀𝑐𝑐 

We also tested a specification including the log of the subnational population in the subnational area as a 
predictor, as one might expect high-population areas to have a greater density of hospitals because of 
concentration of resources in large urban centers. 

We found no association between the density of public first-referral level hospitals per population and poverty 
prevalence. Meanwhile, the density of hospitals per population overall was lower in higher-poverty areas (p 
< 0.01). The log of the population was a significant predictor, but its inclusion did not substantially change 
the results. These findings are consistent with our hypothesis that the density of public first-referral level 
hospitals is relatively consistent with respect to poverty prevalence but that hospitals overall are more 
common in higher-population, lower-poverty areas. These findings reinforce that availability of services at 
public first-referral level hospitals is important for equity, as these facilities are more evenly distributed with 
respect to poverty prevalence. However, these findings do not incorporate information about other aspects of 
accessibility including travel time, distance, or fees, for example. 
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Appendix Table 6: Regression results for association between availability of medications and equipment 
at public first-referral level hospitals and poverty in corresponding subnational unit, specification 2 

Country Hospitals Grouped in Quartiles Hospitals Grouped in Even % Ranges 
Bangladesh     
 Intercept β (SE) -0.62287 (0.11719) ‡ Intercept β (SE) -0.80940 (0.07400) ‡ 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) -0.30865 (0.16214)* R2 β (SE) 0.07353  (0.19378) 
 Q3 β (SE) -0.20948 (0.16996) R3 β (SE) -0.12964 (0.15309) 
 Q4 β (SE) -0.38529 (0.15402) † R4 β (SE) -0.28969 (0.17061)* 
Democratic Republic of the Congo     
 Intercept β (SE) 0.43720  (0.06017) ‡ Intercept β (SE) -0.00119 (0.15268) 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) -0.41962 (0.10040) ‡ R2 β (SE) ND 
 Q3 β (SE) -0.26806 (0.08826) ‡ R3 β (SE) 0.51809  (0.16598) ‡ 
 Q4 β (SE) -0.54222 (0.09452) ‡ R4 β (SE) 0.04153  (0.15815) 
Ethiopia     
 Intercept β (SE) 0.51980  (0.09484) ‡ Intercept β (SE) 1.06471  (0.55630)* 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) 0.47039  (0.13900) ‡ R2 β (SE) -0.33381 (0.68133) 
 Q3 β (SE) 0.40906  (0.15384) ‡ R3 β (SE) ND 
 Q4 β (SE) 0.33925  (0.12635) ‡ R4 β (SE) -0.25477 (0.55874) 
Haiti     
 Intercept β (SE) -0.26178 (0.20445) Intercept β (SE) -0.26178 (0.22762) 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) 0.88173  (0.30094) ‡ R2 β (SE) 0.64785  (0.31168)* 
 Q3 β (SE) -0.10821 (0.30094) R3 β (SE) 0.03122  (0.33505) 
 Q4 β (SE) 0.59917  (0.30094)* R4 β (SE) 0.71651  (0.37747)* 
Malawi     
 Intercept β (SE) 0.31416  (0.29877) Intercept β (SE) 0.71179  (0.41719)* 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) -0.21344 (0.36996) R2 β (SE) -0.69985 (0.48718) 
 Q3 β (SE) 0.40502  (0.41061) R3 β (SE) -0.51035 (0.5014) 
 Q4 β (SE) 0.20861  (0.39266) R4 β (SE) -0.10884 (0.45901) 
Nepal     
 Intercept β (SE) 0.60827  (0.13866) ‡ Intercept β (SE) 0.41107  (0.08195) ‡ 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) -0.30927 (0.1935) R2 β (SE) -0.08995 (0.20569) 
 Q3 β (SE) -0.28595 (0.20214) R3 β (SE) ND 
 Q4 β (SE) -0.29735 (0.18514) R4 β (SE) -0.10801 (0.18465) 
Senegal     
 Intercept β (SE) 0.09308  (0.13972) Intercept β (SE) 0.09308  (0.13939) 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) 0.32670  (0.24770) R2 β (SE) ND 
 Q3 β (SE) 0.58337  (0.23691) † R3 β (SE) 0.46359  (0.19713) † 
 Q4 β (SE) -0.05308 (0.2477) R4 β (SE) -0.05308 (0.24711) 
Tanzania     
 Intercept β (SE) 0.57313  (0.14036) ‡ Intercept β (SE) 0.57313  (0.14786) ‡ 
 Q1 β (SE) Ref R1 β (SE) Ref 
 Q2 β (SE) 0.23783  (0.17626) R2 β (SE) 0.22976  (0.22732) 
 Q3 β (SE) -0.22383 (0.18377) R3 β (SE) 0.25603  (0.27662) 
 Q4 β (SE) 0.23898  (0.20201) R4 β (SE) 0.01739  (0.17122) 

*p < 0.1, †p < 0.05, ‡p < 0.01, ND=No Data 
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1

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies 

Item 
No Recommendation

(a) Indicate the study’s design with a commonly used term in the title or the abstract
“Cross-sectional” in title (page 1, line 1)

Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was done 
and what was found
Summary provided in abstract (lines 61-69)

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Included in introduction (lines 105-124)
Objectives 3 State specific objectives, including any prespecified hypotheses 

Objectives stated at end of introduction (line 125-132)

Methods
Study design 4 Present key elements of study design early in the paper Included in methods 

(starting line 137)
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 

exposure, follow-up, and data collection
Setting, locations, dates of surveys, and information on the availability of surveys 
included in methods (lines 145-152)

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants
Description of surveys included in analysis is in second paragraph of methods 
(line 145)

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect 
modifiers. Give diagnostic criteria, if applicable
Availability defined, sets of medications and equipment defined, extreme poverty 
operationalized in data analysis section of methods (starting line 189 and Table 1, 
line 219)

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if there is 
more than one group
Descriptions of surveys included, availability defined in methods (line 189 and 
Table 1, line 219)

Bias 9 Describe any efforts to address potential sources of bias 
Strategies to handle limitations of data included in data analysis section of 
methods (starting line 196)

Study size 10 Explain how the study size was arrived at 
Data from previously collected publicly available surveys, N/A

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why
Included in definitions and descriptions of sets of medications and equipment in 
methods, variables were binary (Table 1, line 219)
(a) Describe all statistical methods, including those used to control for confounding 
Statistical methods described in data analysis section of methods (line 214, 230)

Statistical methods 12

(b) Describe any methods used to examine subgroups and interactions
Analysis by country for particular set of facilities. Facilities defined starting line 
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2

168.
(c) Explain how missing data were addressed 
Missingness described in data analysis section of methods (starting line 198)
(d) If applicable, describe analytical methods taking account of sampling strategy 
Described in methods and referenced to original survey sources (starting line 153)
(e) Describe any sensitivity analyses Sensitivity analysis of possible association 
between availability of medications and equipment and poverty described in 
methods with reference to appendix for further detail (line 240)

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed
Reported number of facilities in first paragraph of results (line 250), full detail in 
Appendix Table 1
(b) Give reasons for non-participation at each stage 
Explanation of sampling given in methods section (line 153)

Participants 13*

(c) Consider use of a flow diagram
We did not consider a flow diagram to be necessary
(a) Give characteristics of study participants (eg demographic, clinical, social) and 
information on exposures and potential confounders
There are not individual participants. Table 1 describes equipment and 
medications. Appendix Table 1 describes details on country surveys.

Descriptive data 14*

(b) Indicate number of participants with missing data for each variable of interest
Missingness of particular variables described in methods section (starting line 
198) and in Appendix Table 2. Variables with high missingness noted in Tables 2-
4 and excluded from reporting.

Outcome data 15* Report numbers of outcome events or summary measures
Proportions of facilities with availability of different medications and equipment 
reported in tables, along with the number of facilities surveyed, see tables
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included
Estimates given with 95% confidence interval for samples, no confidence intervals 
included for country surveys that were intended to include a census of public first-
referral hospitals. 
(b) Report category boundaries when continuous variables were categorized
Continuous variables reported as continuous in main text. Sensitivity analysis in 
appendix reports categories of extreme poverty prevalence.

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period
Not applicable

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 
sensitivity analyses
Results from multiple regression specifications described briefly at end of results 
section and presented in full detail in appendix (line 368)

Discussion
Key results 18 Summarise key results with reference to study objectives
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3

First paragraph of discussion section summarizes results with reference to 
objectives (line 378)

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias
Limitations paragraph in discussion section lists and contextualizes limitations. 
(line 443)

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence
Study is interpreted with reference to evidence form other studies in discussion 
and interpretation is summarized at the end of the discussion section.

Generalisability 21 Discuss the generalisability (external validity) of the study results
We discuss generalizability across countries as well as across disease types (line 
436, for instance)

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based
Funding and role of funders is reported (line 519)

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at www.strobe-statement.org.
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